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PREFACE TO THE 
LIBRARY OF CHINESE CLASSICS 


Yang Muzhi 

The publication of the Library of Chinese Classics is a matter of 
great satisfaction to all of us who have been involved in the production of 
this monumental work. At the same time, we feel a weighty sense of 
responsibility, and take this opportunity to explain to our readers the mo¬ 
tivation for undertaking this cross-century task. 

1 

The Chinese nation has a long history and a glorious culture, and it has 
been the aspiration of several generations of Chinese scholars to trans¬ 
late, edit and publish the whole corpus of the Chinese literary classics so 
that the nation’s greatest cultural achievements can be introduced to 
people all over the world. There have been many translations of the Chi¬ 
nese classics done by foreign scholars. A few dozen years ago, a West¬ 
ern scholar translated the title of A Dream of Red Mansions into “A 
Dream of Red Chambers” and Lin Daiyu, the heroine in the novel, into 
“Black Jade.” But while their endeavours have been laudable, the re¬ 
sults of their labours have been less than satisfactory. Lack of knowledge 
of Chinese culture and an inadequate grasp of the Chinese written lan¬ 
guage have led the translators into many errors. As a consequence, not 
only are Chinese classical writings widely misunderstood in the rest of 
the world, in some cases their content has actually been distorted. At one 
time, there was a “/m Ping Mei craze” among Western scholars, who 
thought that they had uncovered a miraculous phenomenon, and pub¬ 
lished theories claiming that China was the “fountainhead of eroticism,” 
and that a Chinese “tradition of permissiveness” was about to be laid 
bare. This distorted view came about due to the translators of the Jin 
Ping Mei (Plum in the Golden Vase) putting one-sided stress on the 
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raw elements in that novel, to the neglect of its overall literary value. 
Meanwhile, there have been many distinguished and well-intentioned 
Sinologists who have attempted to make the culture of the Chinese nation 
more widely known by translating works of ancient Chinese philosophy. 
However, the quality of such work, in many cases, is unsatisfactory, of¬ 
ten missing the point entirely. The great philosopher Hegel considered 
that ancient China had no philosophy in the real sense of the word, being 
stuck in philosophical “prehistory.” For such an eminent authority to 
make such a colossal error of judgment is truly regrettable. But, of course, 
Hegel was just as subject to the constraints of time, space and other 
objective conditions as anyone else, and since he had to rely for his knowl¬ 
edge of Chinese philosophy on inadequate translations it is not difficult to 
imagine why he went so far off the mark. 

China cannot be separated from the rest of the world; and the rest of 
the world cannot ignore China. Throughout its history, Chinese civiliza¬ 
tion has enriched itself by absorbing new elements from the outside world, 
and in turn has contributed to the progress of world civilization as a whole 
by transmitting to other peoples its own cultural achievements. From the 
5th to the 15th centuries, China marched in the firont ranks of world civi¬ 
lization. If mankind wishes to advance, how can it afford to ignore China? 
How can it afford not to make a thoroughgoing study of its history? 

2 

Despite the ups and downs in their fortunes, the Chinese people have 
always been idealistic, and have never ceased to forge ahead and learn 
from others, eager to strengthen ties of peace and friendship. 

The great ancient Chinese philosopher Confucius once said, “Wher¬ 
ever three persons come together, one of them will surely be able to teach 
me something. I will pick out his good points and emulate them; his bad 
points I will reform.” Confucius meant by this that we should always be 
ready to learn from others. This maxim encapsulates the principle the Chi¬ 
nese people have always followed in their dealings with other peoples, not 
only on an individual basis but also at the level of state-to-state relations. 

After generations of internecine strife, China was unified by Emperor 



Qin Shi Huang (the First Emperor of the Qin Dynasty) in 221 B.C. The 
Han Dynasty, which succeeded that of the short-lived Qin, waxed pow¬ 
erful, and for the first time brought China into contact with the outside 
world. In 138 B.C., Emperor Wu dispatched Zhang Qian to the western 
regions, i.e. Central Asia. Zhang, who traveled as far as what is now 
Iran, took with him as presents for the rulers he visited on the way 10,000 
head of sheep and cattle, as well as gold and silks worth a fabulous amount. 
In 73 D.C., Ban Chao headed a 36-man legation to the western regions. 
These were missions of friendship to visit neighbours the Chinese people 
had never met before and to learn from them. Ban Chao sent Gan Ying to 
explore further toward the west. According to the “Western Regions 
Section” in the Book of Later Hariy Gan Ying traveled across the territo¬ 
ries of present-day Iraq and Syria, and reached the Mediterranean Sea, 
an expedition which brought him within the confines of the Roman Empire. 
Later, during the Tang Dynasty, the monk Xuan Zang made a journey 
fraught with danger to reach India and seek the knowledge of that land. 
Upon his return, he organized a team of scholars to translate the Buddhist 
scriptures, which he had brought back with him. As a result, many of 
these scriptural classics which were later lost in India have been pre¬ 
served in China. In fact, it would have been difficult for the people of 
India to reconstruct their own ancient history if it had not been for Xuan 
Zang’s A Record of a Journey to the West in the Time of the Great 
Tang Dynasty. In the Ming Dynasty, Zheng He transmitted Chinese 
culture to Southeast Asia during his seven voyages. Following the Opium 
Wars in the mid-19th century, progressive Chinese, generation after gen¬ 
eration, went to study the advanced scientific thought and cultural achieve¬ 
ments of the Western countries. Their aim was to revive the fortunes of 
their own country. Among them were people who were later to become 
leaders of China, including Zhu De, Zhou Enlai and Deng Xiaoping. In 
addition, there were people who were to become leading scientists, liter¬ 
ary figures and artists, such as Guo Moruo, Li Siguang, Qian Xuesen, 
Xi^ Xinghai and Xu Beihong. Their spirit of ambition, their stmggles and 
their breadth of vision were an inspiration not only to the Chinese people 
but to people all over the world. 

Indeed, it is true that if the Chinese people had not learned many 


LIBRARY OF CHINESE Preface to the 

CLASSICS library of Chinese Classics 



^ 



things from the surrounding countries they would never have been able to 
produce the splendid achievements of former days. When we look back 
upon history, how can we not feel profoundly grateful for the legacies of 
the civilizations of ancient Egypt, Greece and India? How can we not 
feel fondness and respect for the cultures of Europe, Africa, America 
and Oceania? 

The Chinese nation, in turn, has made unique contributions to the com¬ 
munity of mankind. Prior to the 15th century, China led the world in sci¬ 
ence and technology. The British scientist Joseph Needham once said, 
“From the third century A.D. to the 13th century A.D. China was far 
ahead of the West in the level of its scientific knowledge.” Paul Kennedy, 
of Yale University in the U.S., author of The Rise and Fall of the Great 
Powers, said, “Of all the civilizations of the pre-modem period, none was 
as well-developed or as progressive as that of China.” 

Foreigners who came to China were often astonished at what they 
saw and heard. The Greek geographer Pausanias in the second century 
A.D. gave the first account in the West of the technique of silk produc¬ 
tion in China: “The Chinese feed a spider-like insect with millet and reeds. 
After five years the insect’s stomach splits open, and silk is extracted 
therefrom.” From this extract, we can see that the Europeans at that 
time did not know the art of silk manufacture. In the middle of the 9th 
century A.D., an Arabian writer includes the following anecdote in his 
Account of China and India: 

“One day, an Arabian merchant called upon the military governor of 
Guangzhou. Throughout the meeting, the visitor could not keep his eyes 
off the governor’s chest. Noticing this, the latter asked the Arab mer¬ 
chant what he was staring at. The merchant replied, ‘Through the silk 
robe you are wearing, I can faintly see a black mole on your chest. Your 
robe must be made out of very fine silk indeed!’ The governor burst out 
laughing, and holding out his sleeve invited the merchant to count how 
many garments he was wearing. The merchant did so, and discovered 
that the governor was actually wearing five silk robes, one on top of the 
other, and they were made of such fine material that a tiny mole could be 
seen through them all! Moreover, the governor explained that the robes 
he was wearing were not made of the finest silk at all; silk of the highest 



grade was reserved for the garments worn by the provincial governor.” 

The references to tea in this book (the author calls it “dried grass”) 
reveal that the custom of drinking tea was unknown in the Arab countries 
at that time: “The king of China’s revenue comes mainly from taxes on 
salt and the dry leaves of a kind of grass which is drunk after boiled 
water is poured on it. This dried grass is sold at a high price in every city 
in the country. The Chinese call it ‘cha.’ The bush is like alfalfa, except 
that it bears more leaves, which are also more fragrant than alfalfa. It 
has a slightly bitter taste, and when it is infused in boiling water it is said 
to have medicinal properties.” 

Foreign visitors showed especial admiration for Chinese medicine. 
One wrote, “China has very good medical conditions. Poor people are 
given money to buy medicines by the government.” 

In this period, when Chinese culture was in full bloom, scholars flocked 
from all over the world to China for sightseeing and for study. Chang’an, 
the capital of the Tang Dynasty was host to visitors from as far away as 
the Byzantine Empire, not to mention the neighboring countries of Asia. 
Chang’an, at that time the world’s greatest metropolis, was packed with 
thousands of foreign dignitaries, students, diplomats, merchants, artisans 
and entertainers. Japan especially sent contingent after contingent of 
envoys to the Tang court. Worthy of note are the accounts of life in 
Chang’an written by Abeno Nakamaro, a Japanese scholar who studied 
in China and had close friendships with ministers of the Tang court and 
many Chinese scholars in a period of over 50 years. The description 
throws light on the exchanges between Chinese and foreigners in this 
period. When Abeno was supposedly lost at sea on his way back home, 
the leading poet of the time, Li Bai, wrote a eulogy for him. 

The following centuries saw a steady increase in the accounts of China 
written by Western visitors. The Italian Marco Polo described conditions 
in China during the Yuan Dynasty in his Travels, However, until advances 
in the science of navigation led to the opening of east-west shipping routes 
at the beginning of the 16th century Sino-Western cultural exchanges 
were coloured by fantasy and conjecture. Concrete progress was made 
when a contingent of religious missionaries, men well versed in Western 
science and technology, made their way to China, ushering in an era of 
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direct contacts between China and the West. The experience of this era 
was embodied in the career of the Italian Jesuit Matteo Ricci. Arriving in 
China in 1582, Ricci died in Beijing in 1610. Apart from his missionary 
work, Ricci accomplished two historically symbolic tasks — one was the 
translation into Latin of the “Four Books,” together with annotations, in 
1594; the other was the translation into Chinese of Euclid’s Elements, 
The rough translations of the “Four Books” and other Chinese classical 
works by Western missionaries, and the publication of Pere du Halde’s 
Description Geographique, Historique, Chronologique, Politique, 
et Physique de VEmpire de la Chine revealed an exotic culture to West¬ 
ern readers, and sparked a “China fever,” during which the eyes of many 
Western intellectuals were fixed on China. Some of these intellectuals, 
including Leibniz, held China in high esteem; others, such as Hegel, nursed 
a critical attitude toward Chinese culture. Leibniz considered that some 
aspects of Chinese thought were close to his own views, such as the 
philosophy of the Book of Changes and his own binary system. Hegel, 
on the other hand, as mentioned above, considered that China had devel¬ 
oped no proper philosophy of its own. Nevertheless, no matter whether 
the reaction was one of admiration, criticism, acceptance or rejection, 
Sino-Western exchanges were of great significance. The transmission of 
advanced Chinese science and technology to the West, especially the 
Chinese inventions of paper-making, gunpowder, printing and the com¬ 
pass, greatly changed the face of the whole world. Karl Marx said, “Chi¬ 
nese gunpowder blew the feudal class of knights to smithereens; the 
compass opened up world markets and built colonies; and printing be¬ 
came an implement of Protestantism and the most powerful lever and 
necessary precondition for intellectual development and creation.” The 
English philosopher Roger Bacon said that China’s four great inventions 
had “changed the face of the whole world and the state of affairs of 
everything.” 


3 

Ancient China gave birth to a large number of eminent scientists, such 
as Zu Chongzhi, Li Shizhen, Sun Simiao, Zhang Heng, Shen Kuo and Bi 



Sheng. They produced numerous treatises on scientific subjects, includ¬ 
ing The Manual of Important Arts for the People*s Welfare, Nine 
Chapters on the Mathematical Art, A Treatise on Febrile Diseases 
and Compendium of Materia Medica. Their accomplishments included 
ones whose influence has been felt right down to modem times, such as 
the armillary sphere, seismograph, Dujiangyan water conservancy project, 
Dunhuang Grottoes, Grand Canal and Great Wall. But from the latter 
part of the 15th century, and for the next 400 years, Europe gradually 
became the cultural centre upon which the world’s eyes were fixed. The 
world’s most outstanding scientists then were England’s Isaac Newton, 
Poland’s Copernicus, France’s Marie Curie, Germany’s Rontgen and 
Einstein, Italy’s Galileo, Russia’s Mendelev and America’s Edison. 

The Chinese people then began to think: What is the cause of the rise 
and fall of nations? Moreover, how did it happen that gunpowder, in¬ 
vented in China and transmitted to the West, in no time at all made Eu¬ 
rope powerful enough to batter down the gates of China herself? 

It took the Opium War to wake China from its reverie. The first gen¬ 
eration to make the bold step of “turning our eyes once again to the rest 
of the world” was represented by Lin Zexu and Wei Yuan. Zeng Guofan 
and Li Hongzhang started the Westernization Movement, and later intel¬ 
lectuals raised the slogan of “Democracy and Science.” Noble-minded 
patriots, realizing that China had fallen behind in the race for moderniza¬ 
tion, set out on a painful quest. But in backwardness lay the motivation 
for change, and the quest produced the embryo of a towering hope, and 
the Chinese people finally gathered under a banner proclaiming a “March 
Toward Science.” 

On the threshold of the 21st century, the world is moving in the direc¬ 
tion of becoming an integrated entity. This trend is becoming clearer by 
the day. In fact, the history of the various peoples of the world is also 
becoming the history of mankind as a whole. Today, it is impossible for 
any nation’s culture to develop without absorbing the excellent aspects 
of the cultures of other peoples. When Western culture absorbs aspects 
of Chinese culture, this is not just because it has come into contact with 
Chinese culture, but also because of the active creativity and develop¬ 
ment of Western culture itself; and vice versa. The various cultures of 
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the world’s peoples are a precious heritage which we all share. Mankind 
no longer lives on different continents, but on one big continent, or in a 
“global village.” And so, in this era characterized by an all-encompassing 
network of knowledge and information we should learn from each other 
and march in step along the highway of development to construct a brand- 
new “global village.” 

Western learning is still being transmitted to the East, and vice versa. 
China is accelerating its pace of absorption of the best parts of the cul¬ 
tures of other countries, and there is no doubt that both the West and the 
East need the nourishment of Chinese culture. Based on this recognition, 
we have edited and published the Library of Chinese Classics in a Chi- 
nese-English format as an introduction to the corpus of traditional Chi¬ 
nese culture in a comprehensive and systematic translation. Through this 
collection, our aim is to reveal to the world the aspirations and dreams of 
the Chinese people over the past 5,000 years and the splendour of the 
new historical era in China. Like a phoenix rising from the ashes, the 
Chinese people in unison are welcoming the cultural sunrise of the new 
century. 


August 1999 
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Introduction 


In the seventeenth century, Europe witnessed a great historical 
change and capitalism began flourishing there, while in China, 
capitalism just began to appear and the manufacturing techniques in 
agriculture and handicrafts had been improved a great deal. In the era 
when the traditional techniques and new technologies co-existed, there 
appeared some works which reflected the ancient Chinese technological 
achievements in the mid and late Ming Dynasty. Song Yingxing’s 
works Tian Gong Kai Wu was an outstanding masterpiece among them. 

I 

Song Yingxing (bom in 1587 and died approximately in 1666), 
styled himself Changgeng, was a native of Fengxin County, Jiangxi 
Province living in the late Ming Dynasty. In childhood, he already 
showed his talent and his eagerness to learn. He had a very good 
memory and could write poems when he was less than ten years old. 
He had a wide range of interest and read extensively, including such 
books as the Thirteen Confucian Classics, Philosophy of the Song 
Dynasty, history books and books on different schools of thought. In 
addition, he was fond of music, astronomy, medicine, games of chess, 
painting and natural science. 

Between 1616 and 1631, Song Yingxing travelled very long 
distances to take the imperial public examinations many times, but 
unfortunately he failed in each examination. Although he was not 


successful in these examinations and did not achieve his goal, the 
experience of the long travels broadened his horizon and enriched his 
social experience and knowledge. Song Yingxing, on his journey to the 
capital, travelled to many cities and rural areas in many provinces such 
as Jiangxi, Hubei, Anhui, Jiangsu, Shandong, Henan, Hebei and 
Zhejiang. In the course of travelling up north, he visited the fields and 
workshops for the purpose of accumulating knowledge about 
agriculture, handicrafts and the operational processes. He also made 
plentiful sketches of the actual operational processes and took many 
notes. All this enabled him to acquire firsthand materials for the 
writing of his works Turn Gong Kai Wu. 

Disillusioned with the imperial public examinations. Song 
Yingxing was determined to shift his attention to the study of industrial 
and technological matters concerning the livelihood of the general 
public. In 1634, he took up a post as the Education Officer in Fenyi 
County, Jiangxi Province. During his term of service, he spent a lot of 
time collecting information and materials which helped him in writing 
his books. In 1636, he published On Phonology and Music Theory, 
Social Criticism and Thoughts on Reforms, A Collection of 32 Poems, 
etc. In 1637, he published his masterpiece Turn Gong Kai Wu, and 
Ten Writings on Natural Science, which were mainly concerned with 
science and technology, politics, economics, philosophy and literature. 


II 

Tian Gong Kai IFu is an ancient Chinese encyclopedia in science 
and technology. It involves two major fields—agriculture and 
handicrafts. It can be divided into three parts, consisting of 18 chapters, 
along with 123 figures and illustrations. Every chapter begins with the 
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words “Songzi says” which introduces the major contents of each 
chapter. Volume I discusses such topics as grain cultivation and 
farming tools, water conservancy machinery, salt making and the tools 
used, sugar cane plantation and sugar making, oil and fat refining, 
silkworm raising and silk making, dyestuff and dye making. Volume 11 
mainly discusses the techniques of metallurgy and casting, the mining 
of gold and silver and other metal ores and the smelting techniques, the 
arts and techniques of forging iron and metal articles, methods of 
making bricks and tiles, and the calcination of stones, sulphur and the 
mining of coal. Volume lH focuses on techniques of paper making, 
cinnabar refining and ink making, structuring boats and carts and the 
methods of using them, the methods of making gunpowder and 
incendiary weapons, yeast making and the mining of pearls and gems. 

Having the qualities of the scientists of his time in Europe, such 
as G. Galilei, A. Vesalius and G. Agricola. Song Yingxing was a 
versatile scientist profound in knowledge. He had the experience of 
long distance travels and critical attitude towards various types of 
misconceptions. Being practice-oriented, he based his writings on his 
own observations, investigations and experiments. Because of his 
unique academic insights, world outlook and personal experience, Tian 
Gong Kai Wu had the following features compared with other works of 
the same kind. 

First of all, Tian Gong Kai Wu was not simply an accumulation 
of different historical documents related. On the contrary, it was written 
in accordance with Song Yingxing’s on-the-spot investigations. 
Therefore, Song Yingxing described in detail the manufacturing 
processes, the essentials of operation, raw materials, products and tools 
of production in relation to industry and agriculture, and meanwhile he 


records in his book the advanced technological achievements of his 
day. In addition to verbal description, he provids various kinds of 
illustrations to show vividly the manufacturing procedures. A good case 
in point was the smelting of metal with alloy, which was one of the 
important industrial techniques of the time, and factually much of it 
was the Chinese invention and application—smelting iron with coal, 
converting pig iron into wrought iron, using large bellow piston drum 
machines and the gold furnace to name just a few. But the works prior 
to this failed to record these techniques in detail or in a systematic 
manner. Tian Gong Kai Wu gave a detailed account of the operational 
procedures of these techniques and the tools used' for the first time, 
supported by valuable flow charts.Secondly, Tian Gong Kai Wu was 
written in the light of advanced and distinctive technological 
achievements, which was considered as “the concept of writing Tian 
Gong Kai Wu\ The Chinese philosophy was that man and universe 
were to harmonize, and man’s capacity and the nature’s might were to 
unite. By utilizing technology, man could create useful things from the 
nature. A segment of writing in the chapter of Oil and Fat Making can 
best illustrate the above philosophy: when people do something to the 
seeds of grasses and trees with the help of the forces of water and fire 
and the pressure of wooden and stone utensils, the oil will come out. So 
the people who can do this are smart indeed. The history of human 
civilization showed that the age-old Chinese philosophy could promote 
the production of materials, develop human culture and maintain 
ecological balance. Without obeying these philosophical teachings, 
undesirable consequences would result. 

Tian Gong Kai Wu was the very first works to reveal this divine 
philosophy. 
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Thirdly, Tian Gong Kai Wu depicts, in a quantitative manner, the 
consumption of raw materials and energy, the productivities of the 
finished products, the structures of equipment and so on; meanwhile, 
the book provides some flow charts, which, to a certain extent, 
resemble the written reports of findings in traditional technology 
given by scientists in modem times. With the introduction of 
mathematization, modem science in the west bid farewell to the Middle 
Ages, but Tian Gong Kai Wu achieved the goal of mathematization 
much earlier. It records, in detail, the technical specifications 
concerning the length, width, height, weight, volume, rate and timing; 
and the precision of length and weight is measured in cun and qian 
respectively, which are the smallest units both in measuring length and 
weight. Tian Gong Kai Wu contained a large number of vivid charts of 
equipment and all the parts are proportionately stmctured so that they 
look like engineering drawings. The people in the pictures are just like 
the real ones with natural expressions. If these pictures are connected 
and put together, one after another, they would become picture scrolls 
of ancient Chinese history of technology. Everyone would marvel at 
such a great wook of science and technology. 

In short, Tian Gong Kai Wu well deservs the title of the Chinese 
technological encyclopedia in the seventeenth century. 


In 1637, with the help of his old friend Tu Shaokui, the first 
edition of Tian Gong Kai Wu (Tu’s version for short) was published in 
Nanchang, Jiangxi Province. Since the second edition was published by 
Yang Suqing in the early Qing Dynasty (Yang’s version for short), Tian 
Gong Kai Wu had been circulating for over two hundred years in the 


Qing Dynasty. It was a standardized technological book for the Chinese 
readers and became a resource book for those who wanted to learn 
about industrial and agricultural techniques. 

Tian Gong Kai Wu was also well received by the Western 
readership. At the end of the seventeenth century, Tian Gong Kai Wu 
was transmitted to Japan by a merchant ship. The Japanese scholar 
Ekiken Kaibara first cited this book in his Japanese work Materia 
Medica. In the eighteenth century, some copies of this original Chinese 
work continued to be tranmitted to Japan, and aroused greater interest 
among the Japanese scholars. Then there appeared many private copies 
of the manuscript. In the eighth year of Meiwa, Sugao Church in Osaka 
published this book. From then on, Tian Gong Kai Wu was widely 
spread in Japan. And this was the first version published abroad. Tian 
Gong Kai Wu also influenced the ideology in Japan. In the eighteenth 
century, there appeared a movement to learn and read Tian Gong Kai 
Wu. Yabuuchi Kiyoshi, a Japanese scholar in history of science 
commented, “There were many people in Tokugawa period who read 
this book, particularly the writings on techniques. This book was 
regarded as an excellent reference book for the general readers.” 

In the eighteenth century, Tian Gong Kai Wu also drew the 
attention of some Korean scholars. Pak Chi-Won spoke highly of the 
irrigating water cart in Tian Gong Kai Wu and suggested that his 
country replicate it. Soon afterwards, some original Chinese works 
continued to be transmitted to Korea, and were extensively cited by 
Korean scholars. For instance, Lee Feng-jing quoted Tian Gong Kai 
Wu, especially the techniques about metallurgy of metal and copper 
and gold alloy in some of his books. 

In the eighteenth century, Tian Gong Kai Wu was transmitted to 




Europe. The French National Library in Paris first housed the two 
versions of the book — Tu’s version and Yang’s version, and then 
other national libraries in Europe also added this book to their 
collection. Due to the fact that it was written in Chinese, it was not 
until the first half of the nineteenth century that the real value of the 
book was fully realized. In 1830, Sinologist Stanislas Julien translated 
the section about mercuric cinnabar in the chapter of Cinnabar and Ink 
into French and published it in Noiweu Journal Asiatique, This 
probably was the beginning of the translation of Tian Gong Kai Wu into 
other European languages. Between 1830 and 1840, Julien first 
translated into French some chapters, including Metallurgy, Clothing 
Materials, Dyes and Paper Making, and then translated the French 
version of the book into English, German, Italian and Russian. The 
technologies about mercuric cinnabar, silkworm raising, dyes, paper 
making and metallurgy in Tian Gong Kai Wu aroused great interest in 
the European world of science and technology. In 1869, Julien, together 
with a scientist named Paul Champion, published Industries Anciennes 
et Modemes de Empire Chinois in French. They translated Salt 
Making, Ceramics, Casting, Forging, Calcination of Stones, Paper 
Making, Metallurgy and Cinnabar and Ink into French. Through doing 
all these work Julien made a great contribution to the communication 
and exchange of Chinese and Western science and culture. After 
reading Julien’s translation on Silkworm Raising in Tian Gong Kai Wu, 
the celebrated naturalist Charles Darwin labeled Song Yingxing’s book 
as “Works of Authority”. 

Since the beginning of the twentieth century, Tian Gong Kai Wu 
has been drawing increasing attention from the academia. In 1952, 
Yabuuchi Kiyoshi took charge of the translation of Tian Gong Kai Wu 


into Japanese. In 1964, Thomas Thilo, a Berlin scholar, translated such 
chapters as the Cultivation of Grains, Clothing Materials, Dyes, and 
Rice and Wheat of the book into German. In 1966, Ren Yidu from 
Pittsburgh, USA, translated the whole book into English. In 1980, Li 
Qiaoping translated it into another English version and published it in 
Taipei, China. In 1993, Cui Zhu, from University of Foreign Languages, 
in Seoul, translated and published it in Korean. 

At present, Tian Gong Kai Wu has become a masterpiece of world 
science and technology and has been circulating all over the world. 
Those who study the history of Chinese technology all make reference 
to the book. They view it as a reference book and speak highly of it. 
They all consider it as a key to a better understanding of the ancient 
Chinese society and traditional science and technology. Julien and M. 
Bazin in France call it “An Encyclopedia of Technology” or “A 
Practical Mini-encyclopedia.” Japanese scholars such as Yabuuchi 
Kiyoshi regard this book as the “representative book on Chinese 
technology” and “It can well match the encyclopedia compiled by 
Diderot in France in the latter half of the eighteenth century.” Joseph 
Needham in Britain compared an Tian Gong Kai Wu lo G.Agricola’s 
technological classic works Dere MetaUica, a book during the 
Renaissance, and called Mr. Song Yingxing “the Agricola in China”. 
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Volume I 


Chapter 1 

Cultivation of Grains 

Songzi says that we should respect the legendary farmers of antiq¬ 
uity (known as the Divine Agriculturitsts) who first developed agriculture even 
though it still remains unknown whether or not those people existed in 
history. Man cannot survive by himself but must rely on the five grains. 
The five grains cannot grow out of the ground naturally by themselves, 
but have to be planted by man. The soil changes as time passes by and 
as a result the varieties and the nature of crops changes due to the 
changes of the soil. Otherwise, the first cultivation of edible crops has a 
history of over one thousand years if we trace it back to the time of the 
Divine Agriculturalist and the semi-legendary Emperor Tao-tang and 
the farming techniques would be widely known to all. It was not until 
the time of Houji that the new varieties of crops are recorded in detail. 

The offsprings of aristocrats regarded farmers as convicts, and the 
scholarly families used the word “farmer” as a curse word. These peo¬ 
ple have abundant food supply and enjoy the good taste of their food, 
but are very ignorant of the food sources. Therefore, it is natural and 
reasonable to regard the agriculture first developed by the legendary 
farmers as a divine cause. 


General Terms 

The term “grain” does not refer to a specific type of crop, but is a 
general term for “as many as a hundred crops,” while “the five grains” 
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refer to sesamum, beans, wheat, panicum millet and glutinous millet. 
Rice is excluded because the ancient sages who wrote on the subject 
were all bom in northwestern China. Nowadays rice constitutes seventy 
percent of the people’s staple food, while wheat, barley and various 
kinds of millet constitute thirty percent. Although sesamum and beans 
were traditionally classified as grains, they are now used as vegetables 
and raw materials for making oil. 


Rice 

There are many types of rice. The non-glutinous kind is called 
round-grained non-glutinous rice, and the grain obtained from it is 
called polished round-grained non-glutinous rice. The glutinous kind is 
called glutinous rice, and the grain obtained from it is called polished 
glutinous rice. (Since no glutinous millet is grown in the south of the Yangze River, 
wine is made from glutionous rice.) Another kind of rice which originally be¬ 
longs to the roimd-grained non-glutinous rice category ripens late and 
produces slightly glutinous grains (known as the rice produced in the town of 
Wuyuan in Jiangxi Province). It is not used to brew wine, but only used to 
cook porridge. The shapes of rice are different in different places, with 
the long-speared one and the short-speared one. The grains of rice vary 
from the long-grained to pointed-grained (people in the south call the long- 
speared rice“Liu Yang Early Season Rice” and the pointed-grained“Ji*an Early Season 
Rice”), or from the round-top rice to the flat-top rice, and so on. The 
colors of the grains of rice vary from snow-white, to ivory, red, semivio¬ 
let and dappled black. 

At the earliest, the soaking of seed rice can be done before the 
Spring Equinox which is known as ^she planting” (If there is a cold weather 
during this period of planting, the seeds will be frozen and can’t grow out of the 
ground.), or can be done after Pure Brightness at the latest. The seed 
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rice is wrapped in rice or wheat straw and soaked for a few days. When 
the rice shoots appear, they are planted in the paddy fields. When the 
shoots are about one cun high, they are called “rice shoots”. One mu 
of rice shoots can provide rice plants for twenty-five mu of transplanted 
paddy fields. After growing for thirty days, the young plants are pulled 
out and transplanted. However, if the paddy fields are suffering from a 
drought or flood, transplanting is not done. If transplanting is done be¬ 
yond the period of time required, the rice shoots will grow high and de¬ 
velop sections in their stalks. In this case the rice shoots will produce 
only a few grains of rice. 

Seventy days after transplanting, the early-ripening rice can be 
harvested, (which includes both the non-glutinous and glutinous rice. The former is 
locally called "satisfying-one*s-hunger”and “ready-to-be-swallowed” and the latter is 
called “silver-wrapped-in-gold”. People in different places have different names for 
rice.) However, the late-ripening rice has to go through the entire sum¬ 
mer so that it can be harvested in winter, two hundred days after 
transplanting. Due to the fact that there is neither frost nor snow in 
Guangdong Province, rice is planted in winter and harvested in mid¬ 
summer. The paddy fields will suffer from a drought if they are short of 
water for ten consecutive days. The rice that is planted in summer and 
harvested in winter must be planted in fields that are continuously fed 
by mountain streams. Due to the low temperature of the soil, this kind 
of rice has a longer period of growth, so it is not expected to grow fast. 
In the lake-side paddy fields, transplanting is not done until the sixth 
month of the solar calendar, after the summer floods are over. The seed 
rice for these rice shoots must be planted in the soil of higher fields to 
await the proper time of planting. 

In the plains in southern China, rice is planted and harvested 
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twice. The second crop is called late-ripening glutinous rice. It is not, 
however, the non-glutinous type of rice. After the early-ripening rice is 
harvested in the sixth month, the same paddy fields are ploughed over 
so that the late-ripening rice can be planted. The rice shoots of the 
late-ripening rice are planted at the same time as those of the early- 
ripening rice at Pure Brightness. The rice shoots of early-ripening rice 
will die without water in just one day, while those of the late-ripening 
rice will live through the hot summer and dry weather of the fourth and 
fifth months. This is a quite remarkable phenomenon. The late-ripening 
rice must be irrigated constantly in times of continuous fine weathers in 
autumn when there is little rainfall. The farmers toil in the fields so 
that the fields will produce enough rice to brew wine with. Since rice 
plants will die without water after ten consecutive days, farmers devel¬ 
oped a kind of non-glutinous rice which can be planted on hilly areas 
without requiring watering. This is another remarkable phenomenon. 
There is still another kind of rice called “fragrant rice”. It is known for 
its fragrance and enjoyed by the aristocrats. But this kind of rice has a 
small yield and lacks nutritious value, so the planting of it is not rec¬ 
ommended. 
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Care of Paddy Fields 

If the paddy fields are barren, the rice spears and grains will not 
grow well. The industrious farmers fertilize their fields to stimulate the 
growth of rice in various ways. Human and animal excretions, dry 
cakes of the pressed seeds (they are called dry ceikes because out of which the 
oil has been taken off; of all the dry cakes sesamum and turnip seed cakes are the best, 
next are those made from rape seeds, followed by those from phoenix tree seeds, and 
lastly those from camphor, sapium sebiferum and cotton seeds.), and grass and tree 


Tian Gong Kai Wu 

Chapter 1 Cultivation of Grains 






[ilA] 

«ia«*EarSo m^sTea, 

(/l#«#), 

&, (S]P0ig±?F'i:mo ±ifcMm#, 'Kmm, ^^s.mm^:t, m. 


m X 

sscHij- 

©?frWM, /L 

-mzfs, ^m, m^mm, 


i^m 

A«,^»f, #-t5.«-StWS, -&A-iSL«JS;&TSci^ 
AAA, »rff-S-4^>ltA—»A»r*€*-a-„) 

^ /S , 1 % fH ^ i "ft. M 

afcc , is.$b±^ 


•f^it^;^64S'J;^, iiifc-S-#:^' 

;^l^.ciitTo A.#o 






leaves can all be used ^s fertilizers. These fertilizers are commonly 
used throughout the country. If the soil contains cold water, bone ashes 
of any bird or animal or lime should be sprinkled around the roots of 
the young plants. But if the soil faces the sun and is warm, the above 
procedure is not followed. (In the south, when green bean flour is made, its liquid 
waste is used as a very rich fertilizer to irrigate the Helds and when the soy-beans be¬ 
come very cheap, they can be scattered in the fields. One rotten bean can enrich an 
area of field measuring three cun square; and the cost is later twice repaid by the grain 
yield.) If the soil contains cold water, bone ashes should be spread 
around the roots of the rice seedings (the bones of any bird and animal will 
do). If the soil is hard, the fields should be ploughed into ridges. The 
clods should be stacked on top of firewood or straw and burned to 
loosen. But this procedure is not followed if the soil is clayey or sandy. 




The Cultivation of Paddy Fields 

If the paddy fields are not to be planted again after the harvest, 
the fields must be ploughed over so that the stalks will rot in the 
ground. The decomposed stalks make a fertilizer twice as effective as 
manure. If the fields are not ploughed over until the next spring due to 
a drought in autumn or due to the farmers’ laziness, the following har¬ 
vest will be reduced. If dry cakes of the pressed seeds or liquid manure 
are applied to fertilize the fields and there happen to be consecutive 
rainy days, the fertilizers will be washed away. Therefore, the experi¬ 
enced farmers always observe the weather conditions in deciding when 
to fertilize their fields. Industrious farmers plough over the fields two or 
three times before they use the harrow to break the soil evenly and 
finely. In this way the fertilizers will be well distributed in the soil. 
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Loosening the soil by ploughing 
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Breaking the soil into line particles by harrowing 
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In farming households where there are no oxen to use, farmers fix 
a pole to the plough and two men pull the plough by placing the pole 
on their shoulders, walking one behind the other. One day’s work by 
two men is equal to that by one ox. If the farmers have no oxen to drive 
a harrow, they construct a rotary harrow that is pulled by two men. 
They use their shoulders and hands to operate the harrow to break the 
clods. One day’s work by two men is equal to that of three oxen. There 
are only two kinds of cattle in the Central Plains of China, the water 
buffalo and the yellow ox, and the former is twice as strong as the lat¬ 
ter. However, it requires twice as much care to raise water buffalos 
compared with raising the yellow oxen because the water buffalos must 
be housed in earthen sheds during the cold winter and provided with a 
pond for bathing in summer. Prior to the Spring Equinox cattle perspire 
a lot while ploughing, so they must be driven to the sheds immediately 
before it rains to keep them from exposure to the rain. But they are im¬ 
mune to wind and rain after the Grain Rain, 

The farmers in the areas centred around Suzhou use hoes instead 
of ploughs, and do not use working cattle. Considering the cost of cattle 
and the feed, and the risks of sickness, theft and death, poor farmers 
would rather use human labour in ploughing. If a farming household 
with cattle can work ten mu of land, then an industrious farmer, by us¬ 
ing a hoe, can work five mu of land. Since these farming families do 
not have working cattle, they do not need to worry about such matters 
as growing forage grass and grazing, and can plant beans, wheat, sesa- 
mum and vegetables after the harvest. The harvest of the above grains 
and vegetables will compensate the farmers for the loss resulting from 
the five mu of land that is not planted by using working cattle. It seems 
to be a good arrangement. 
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The old leaves wither on the rice plants and new leaves grow out a 
few days after transplanting. When new leaves start to grow, it is time 
to heap mud around the roots of the young plant (nurturing the root, 
which is commonly known as “foot-patting the plants”). Farmers lean 
on a stick for balance and heap mud around the roots with one’s feet. 
Meanwhile, farmers bend the weeds with their feet so that they are 
buried in the mud and cannot grow again. Weeds such as Beckmannia 
erucaefomds can be broken by foot, but darnels, tares and sweetweed 
cannot be broken this way and they have to be uprooted by hand. 
Weeding in the paddy fields is hard on one’s back and hands, and 
distinguishing rice plants from weeds requires keen eyesight. The rice 
plants will flourish after all undesirable weeds are eliminated. After all 
these steps of farming, farmers need to drain excessive water to prevent 
flooding or to irrigate the fields to prevent a drought. In about a month’s 
time, the farmers are ready to harvest with scythes. 

Rice Disasters 

If early season seed rice is exposed to the scorching sun when 
being collected and stored in early autumn, it will have internal heat 
concealed in the rice. If the door of the bam is closed right after the 
seed rice is put into it, heat will be dormant in it (diligent fanning families 
suffer from such a disaster). After being sown in the next spring, with the 
manure in the fields raising the temperature of the soil, and 
furthermore with the warm wind blowing from the southeast, the rice 
will suffer heat and the rice seedlings will be damaged. This is the first 
disaster. If the seed rice is put into the bam when the weather is cool 
in the evening, or if a jar of snow water or ice water in the coldest day 
of the year after the Winter Solstice is stored and several bowls of such 
water is sprayed into a dan of the seed rice which is being soaked for 
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quick sprouting, the heat inside the seed rice will immediately 
disappear and the seedlings will grow well in spite of the warm wind 
blowing from the southwest. (Tlie crux of this diseister is inside the seed rice, yet 
some people think it is the ghosts and gods that are destroying the rice. ) 

If the water in the rice paddy fields is several cun deep when the 
seeds are scattered, the seed rice will be blown into a comer by a sud¬ 
den wild wind before it sinks down into the soil. This is the second dis¬ 
aster. If the seeds are scattered after the wind stops, then they will sink 
evenly and the rice seedlings will grow well. When the rice seedlings 
grow out of water, it is possible that they may be eaten by birds. This is 
the third disaster. Erecting posts in the fields and hanging an eagle 
scarecrow which flies with the wind can scare away the birds. If there 
is an unbroken spell of rainy days while the seedlings are taking root, 
over half of the seedlings will be damaged. This is the fourth disaster. 
If there are three fine days while the seedlings are taking root, all the 
seedlings will grow well without being damaged. When the seedlings 
grow new blades, the fertilizers in the soil begin to emit energy, and the 
warm wind fiom the south blows, rice plant skippers will appear on the 
blades. (The insects look like silkworms). This is the fifth disaster. If a 
shower occurs together with a cool wind from the west, the insects will 
die and the rice will gain a momentum of growth. 

When the rice seedlings are earring up, they will be burned at 
night bywill-o’-the-wisp. This is the sixth disaster. This kind of fire 
comes from the rotten wood. Fire is dormant in wood and fire exists in¬ 
side and does not come out when wood is not rotten. When there is 
much rain in some year, the graves in the fields collapse due to the 
holes which foxes make in the graves. The planks of the coffin are 
soaked in water and become rotten. The fire in the wood has no place 





Tj 

n 


t 

i: 



22 


[Sit] 

i[#0s^t, 

jlt^M>E^Mtli, fcKifff±„ /LtIc^, uf 

«•#, acJE^rsp-Jcj 

¥#-^*^4, i!5£#-fr*E4 , ^*bp 
A< i. B<p!ip^m^), jJt-t 

5>cifeo AJ5B*^^^o 

jlfcAAtfeo EM-Jt^PUH+s, i^w 
«AiE)tt^5Frtto mfimzw.n^^ 


i^m 

At^A?S:^^W, 

#o <a.|5!:»C.4iia4Wjt, JLS'J j* A4 14 * , A 

A;^Ji4, 4^44S:A-a® 4*AiS.S'lit. A#, 

4:., “4$.#^” 4ttl„ A:feAJL#rit43^c 

m^^^6ii-x, 

4-Sp# (#<ft«»t*':>-*--#, «-j&*Bfi#, -teAfest'J', 

,^rf5^i>RL;F^’S']it^+S, mmr- 
^*i±A-s-£A0c, A^-rA/-j£4,So 


to attach to and thus goes out of the wood and floats in the air. But the 
fire of the nether world always avoids sunlight and rushes out from 
cracks only at dusk when the sun sets. The fire does not rise high but 
just floats here and there within an area of a few meters. The fire bums 
the ears and blades of rice. Those who follow the fire find that there is 
flaming near the tree roots and think it is a ghost. They put out the fire 
by beating it with a stick, and there appears the saying that “the ghost 
has turned into a tree”. However, they do not know that will-o’-the- 
wisp extinguishes when it meets lamplight. (Fire which is not by lighting a 
lamp or burning firewood belongs to fire of the nether world, and this fire extinguishes 
when it meets lamplight.) 

From growing blades to earring up and bearing grain, the 
seedlings require irrigation, without which the rice withers. The early 
season rice needs three dou of water and late season rice five dou (to¬ 
ward harvesting, a shortage of one sheng of water will cause the shrinkage of the grains 
of rice and though the number of the rice grains remains the same, and when being 
ground, the grains will be smashed). This is the seventh disaster. This means 
that irrigation is imperative and the farmers are well skilled therein. 
When the rice is ripening, the grains of rice will be blown off the stalks 
if there is a wild wind passing over, or the grains become wet and rot¬ 
ten if there is an unbroken spell of wet weather for ten consecutive 
days. This is the eighth disaster. But the wild wind affects no more 
than a circumference of thirty li and wet weather no more than a cir¬ 
cumference of three hundred IL The disasters are limited to a local 
area and are not extended to a broader area. It can not be prevented if 
the wind blows off the grains of rice. A poor family which suffers losses 
of grains due to wet weather can collect the fallen rice, put it into the 
wok to fry to get rid of the husk of rice so that it can be eaten. This is 
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a good remedial measure for natural disasters. 

Water Conservancy 

Rice is more vulnerable to drought than other food crops. The soil 
of the rice paddy fields is of many types, either sandy, muddy, barren 
or fertile, being different from place to place. Without irrigation for just 
three days, certain types of soils become dry, while others may not be¬ 
come dry for half a month. If it does not rain, farmers should draw wa¬ 
ter for irrigation. Farming families living near rivers build dams and 
construct waterwheels with tubes on the wheels so that the river water 
turns the waterwheels. Each of the small tubes on the wheel draws wa¬ 
ter from the river and, in turn, all the water from the tubes which pours 
into the groove goes to the field. With the waterwheels working day and 
night, irrigation of one hundred mu of rice paddy fields is accomplished 
(when no irrigation is required, a bolt is used to stop the waterwheel from working). 
Near lakes and ponds where there is still water, an ox is used to turn 
the waterwheel, or several persons manually operate the waterwheel to 
draw water. The larger waterwheel is two zhang long, and the shorter 
one is one zhang in length. The waterwheel is a dragon-bone water-lift 
(made of wooden boards tied one by one to the dragon-bone) which brings water 
against the current and let it go to the field. A waterwheel operated by 
one man can irrigate one mu of rice paddy field, while one powered by 
an ox, ten mu. 

Waterwheels can not be applied to the shallow ponds and water 
canals, so hand cranked wheels of several chi in length are used in¬ 
stead. A man turns the handle with both hands to quickly turn the 
wheel only to irrigate two mu of rice paddy field. In Yangzhou a num¬ 
ber of sails are employed to turn the waterwheel with wind power, but 
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The ox-powered waterwheel 

































The hand cranked wheel 


























The counterweight lever 
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the waterwheel stops without wind. This kind of waterdrawing wheel is 
used to drain flooded fields. If water is drawn by using a counterweight 
lever and a pulley wheel, the efficiency is rather low. 

Wheat 

Wheat, in the broad sense, is of different types, but in the narrow 
sense, it is called Zoi, which is the main type of wheat. Barley is called 
mou or kuang. Then there are miscellaneous types of wheat consisting 
of oat and buckwheat. These types of wheat are sown at the same time. 
They have similar blossoms and all of them are ground into powder as 
food, so all of them are called wheat. In such places as Hebei, Shaanxi, 
Shanxi, Henan, Shandong provinces, wheat contributes haK of the 
grains of the residents, while millet, proso millet and rice combined the 
other half, within a circumference of 6,000 li reaching as far as 
Sichuan Province in the west and Fujian, Zhejiang, Jiangsu and the 
Land of Chu in the east. One out of twenty people plant wheat. Wheat 
is ground into powder to make fancy-shaped steamed rolls, thin pan¬ 
cakes, steamed bread and noodles. One out of fifty people plants other 
types of wheat. Poor families eat them for breakfast, while the rich do not. 

The kuang wheat, sometimes called highland barley, is planted on¬ 
ly in Shaanxi Province. There are different kinds due to the different 
soil textures. In Shaanxi Province, the black barley is used to feed 
horses, yet in times of famine, humans also eat it. Oat has fine ears and 
each ear has over ten fine ears. Oat also has wild ones. Buckwheat is 
actually not wheat, yet it is ground into powder as food. It has been re¬ 
garded as wheat for so long that we may as well call it wheat. 

Wheat in North China has a longer growing period which covers 
the four seasons of the year. It is sown in autumn and harvested in early 
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summer of the next year. Wheat in the south has a shorter growing pe¬ 
riod. South of the Yangtze River, wheat blossoms at night, while wheat 
in the north of the Yangtze River blossoms during the day. This is 
rather strange. The sowing and harvesting of barley is the same as that 
of wheat. Buckwheat is sown in mid autumn and harvested in less than 
two months ’ time. The seedlings of buckwheat die if they are stricken 
by frost. Farmers hope that frost will arrive late, so that they can have a 
bumper harvest. 


Management of Wheat Fields 

Tilling and turning up the soil of wheat fields are the same as that 
of rice paddy fields. Unlike rice paddy fields, which require heaping 
soil or fertibzer over or around the roots, the wheat fields require only 
weeding after sowing. The soil in the north is porous and easily 
smashed. The way of planting wheat and the tillage implements are dif¬ 
ferent from those of planting rice in that the ploughing and sowing are 
done simultaneously. In the north, oxen are used to tmn up the soil in¬ 
stead of using a plough. In this case, the plough’s point is removed 
and two iron diggers are fixed in its place on the cross-beam which the 
local dialect calls jiang. A small square box containing wheat seeds is 
placed in the centre of jiang. Plum-blossom-shaped holes are drilled at 
the bottom of the box through which seeds fall to the ground when the 
apparatus is shaken as the ox moved forward. If farmers wish to sow 
wheat dense, they will make the ox go faster, otherwise they will sow 
wheat sparse. After the wheat is sown, a donkey is used to pull two 
stone rollers to level the ground so that the seeds are covered under¬ 
neath. Wheat seeds must be covered firmly in the ground in order to 
sprout. Being different from the north, the wheat fields in the south 
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Hand sowing and foot—covering the seeds 








































Weeding with wide-blade hoes 
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must be ploughed and harrowed many times before sowing. The wheat 
seeds are first mixed with ashes of grass and then sown by hand. After 
being sown, the soil is pressed firmly to cover the seeds with the feet 
instead of using a donkey-pulled stone roller. 

Weeding with a large wide-blade hoe is required after sowing. 
After wheat seedlings appear, frequent weeding is required (Some farmers 
weed as many as three to four times). With the weeds being removed, the fer¬ 
tilizer in the soil contributes wholly to the growth of wheat. The more 
diligent the farmer is, the fewer weeds remain, and this is the same 
both in the south and in the north. Farmers apply manure to the wheat 
fields before sowing, because fertilizing after sowing is not necessary. 
In the locality of Luoshui in Shaanxi Province, it is possible that pests 
will eat the wheat seeds. Therefore, the seeds are mixed with arsenic 
before sowing, whereas in the south the seeds are mixed with grass ash¬ 
es. In the south farmers sometimes grow wheat to enrich the rice paddy 
fields, rather than for harvesting purposes. When the wheat or barley 
grows dark green, they plough it under the soil to let it rot. Conse¬ 
quently the output of rice in the next autumn will double. 

The wheat fields can be used to plant other crops after the harvest 
in the half-year period from early summer to late autumn. Farmers are 
always rewarded for their hardwork. They can decide what crops to 
plant in the wheat fields according to the local land conditions. In the 
south, some farmers plant late-ripening round-grained non-glutinous 
rice after harvesting barley. Buckwheat is sown in the south after rice 
is harvested and in the north after beans and proso millet are harvest¬ 
ed. Buckwheat, which requires rich fertilizer, makes the soil barren. 
However, if the increased output of buckwheat is taken into account, it 
is worthwhile to apply more manure to the fields. 
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Wheat Disasters 


Disasters happening to wheat are only one third of those happen¬ 
ing to rice. After wheat is sown, snow, frost, drought and waterlogging 
do not affect wheat. Wheat does not require much water. In the north, 
wheat will blossom and bear grain if there is a good rain in mid-spring. 
However, south of Jingzhou and Yangzhou, the intermittent drizzle in 
the rainy season in late spring and early summer in the middle and 
lower reaches of the Yangtze River is harmful to wheat. If there are ten 
consecutive fine days during the ripening period, the grains of wheat 
will grow to the fullest and abundant food is assured. A saying in 
Yangzhou goes: “A cun high wheat is not afraid of a chi deep water”. 
This means that during the beginning stage of the growing period, 
abundant water is not a problem. However, the saying “A chi high 
wheat is afraid of a cun deep water” means that during the ripening 
period even cun deep water will make the wheat roots loosen, and 
therefore, the wheat straw will fall into the muddy fields and the wheat 
grains will rot. A kind of fat sparrows south of the Yangtze River flock 
to the wheat fields for food. These sparrows affect an area of no more 
than a circumference of tens of li. But in the north of the Yangtze Riv¬ 
er, if locusts appear, it will be definitely a disastrous year. 



Millet, Proso Millet and Foxtail Millet and the Like 

There are many kinds of food crops which can only be ground into 
shelled or husked seeds instead of powder. The colour, taste, shape and 
quality of these food crops are different from place to place within an 
area of a hundred IL But they are tnore or less the same though they 
have hundreds of different names. People in the north consider the 
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round-grained non-glutinous food crop as rice, amd regard the rest of 
the varieties as millet. For example, millet and proso millet are in the 
same category. Millet can be glutinous or non-glutinous (the glutinous mil¬ 
let can be used to brew wines). Proso millet is non-glutinous. Glutinous mil¬ 
let and foxtail millet are called shu, Shu can be white, red, yellow or 
black. Some people call the black shu proso miUet, which is incorrect. 
Proso millet ripens earlier than other food crops and is used for memo¬ 
rial services. Therefore, this kind of early-ripening crop is called proso 
millet. 

In the classic The Book of Poetry and The Book of History^ millet 
has different names like qU ju, pi, while in modem dialect it is called 
ox hair,swallow’s cheek,horsehide,donkey skin, rice tail, and so on. 
The earliest millet is sown in March and it ripens in May; if it is sown 
in April, it ripens in July. The latest sowing of millet will be in May 
and it ripens in August. The blossoming and fruit-bearing of millet are 
different from barley and wheat. The size of millet grains depends on 
the fertility of the soil and whether it is planted at the right time. It is 
inappropriate that the scholars in the Song Dynasty rigidly use the 
grains of millet of a particular locality as a standard to judge the quali¬ 
ty of all millet produced everywhere. 

Foxtail millet and millet are both referred to as coarse rice and 
glutinous millet which can be used for brewing wine. Another kind of 
millet is called sorghum because its stalk is seven chi high like reeds 
and Amur silvergrass. Sorghum and millet are of more types and have 
more names than millet and proso millet. They are named after a sur¬ 
name, a mountain or a river, or named after its shape, or the time when 
it is planted. People in Shandong Province call sorghum and millet 
grains. All these crops are sown in the spring and harvested in the au- 
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tumn. The way they are sown and weeded are the same as that of bar¬ 
ley and wheat, but the time of sowing and harvesting is quite different. 

Hemp 

In the hemp category, in the broadest sense, only hemp and 
sesame can be used for food and oil. Sesame is said to have been intro¬ 
duced from Ferghana during the Westen Han Dynasty. In ancient times 
hemp was regarded as one of the five food crops. Therefore it is a mis¬ 
understanding if only a hemp itself is meant. I believe hemp was as 
one of the five food crops mentioned in The Book of Poetry and The 
Book of History and that hemp is extinct now. The different names for 
beans and millet are all mistaken and we do not know the reasons for 
this. 

Sesame seeds taste good and have many uses, thus they top the 
list of the hundred kinds of food crops. Hemp seeds do not produce 
much oil and the outer covering is used to make coarse hemp fabrics. 
Therefore, hemp is ranked below sesame. If you eat some sesame 
seeds, you will not be hungry for a long time. If you coat thin pancakes 
and candies with sesame seeds, they will taste good and be more nu¬ 
tritious. Applying sesame oil to the hair makes the hair shine; eating it 
nourishes one’s body; applying it to smelly food (for example fish and mut¬ 
ton) makes the food smell aromatic; and applying it to malignant festers 
detoxifies them. Farming families should plant more sesame because of 
the above-mentioned benefits. 

The method of planting sesame is as follows: make farm plots sur¬ 
rounded by ridges or make ridges for planting sesame. The soil must be 
well pulverized and free from weeds. Mix sesame seeds with the slightly 
dampened ashes of grass and then sow them in the fields. Sowing 
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can be carried out as early as March in the early spring, but no later 
than after the Greater Heat. The early-sown sesame blossoms and bears 
fmit in mid-autumn. The fields are weeded by using hoes. Sesame is of 
three colors: black, white and red. The capsule containing the seeds is 
one cun long, the tetragonal capsule contains fewer seeds due to its 
smaller capacity and the octagonal capsule contains more seeds due to 
its larger capacity. The output depends on the soil quality and has 
nothing to do with the seeds. When pressed for oil, a hectoliter of 
sesame seeds produces over twenty kilograms of oil. The oil cake can 
be used as fertilizer. In times of famine, people can eat oil cakes as 
food. 


Beans 

There are as many kinds of beans as there are of rice and millet. 
The sowing and harvesting occur anytime throughout a year. Beans 
have become an integral part of the daily diet. There is a kind of bean 
which can be further divided into black soybeans and soybeans, which 
is sown around Pure Brightness. Soybeans are further divided into May 
soybeans, June soybeans, and winter soybeans. May soybeans have the 
lowest output, while the output of winter soybeans is twice as great as 
that of May soybeans. Black soybeans are harvested in August. The 
mules and horses which travel long distances north of the Huaihe River 
are fed black soybeans to maintain their strength. 

The output of soybeans depends on the soil quality, the frequency 
of weeding, and the amount of rainfall. Soybeans are the raw materials 
for fermented soybeans, soybean sauce and bean curd. In the south of 
the Yangtze River, there are long-stalk soybeans, which are sown after 
the harvest of early season rice in June and harvested in September or 
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October. In the locality of Ji ’ an in Jiangxi Province, soybean sowing is 
quite unique. The rice paddy fields are not turned over after the har¬ 
vest. Three or four soybean seeds are put, by hand, onto the rice stub¬ 
bles. The dew gathered on the stubble moistens the soybean seeds and 
the rotten stubble nourishes the soybean seeds. After the soybeans grow 
into seedlings, water them once in dry weather. Weeding is required to 
secure a good harvest. Before the soybean seeds grow into seedlings, 
farmers have to prevent the turtledoves and sparrows from eating the 
seeds. 

Mung beans are as small as beads. They must not be planted until 
the Lesser Heat. If they are planted before that, the mung bean 
seedlings will grow a few chi^ but bear few pods. If planting is delayed 
until the End of Heat, the beans will blossom and bear pods all the 
time, but the quantity is small. There are two kinds of mung beans. 
One is the ripe-and-pick type, which means farmers pick the ripened 
pods on a daily basis, while the other type is the ripe-and-puU type, 
which means farmers harvest the bean stalks when all the beans are 
ripe. Mung beans can be ground into bean milk and further ground into 
powder. The powder can be made into sheet jelly and flat noodles. The 
liquid waste left over in the process of making mung bean powder is 
used as fertilizer. For storage, mung bean seeds are mixed with ashes of 
grass, lime, knotweed or loess so that the seeds will not be eaten by 
worms. Diligent farmers often dry the seeds in fine weather to prevent 
them from being eaten by worms. 

When planting mung beans in summer and autumn in rice paddy 
fields after rice is harvested, pound the lumps of earth with a long han¬ 
dle of an axe so that bean seedlings will grow well. If there is a heavy 
rainfall the day when the mung beans are planted, the soil will become 
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so hard that the seedlings can not push through the earth. After the 
seedlings appear, dredge the irrigation furrows in the fields to prevent 
the seedlings from being drowned. The mung bean and soybean fields 
are not to be ploughed deep. The beans do not have deep roots and the 
seedlings are straight. Lumps in deep ploughing bend the seedlings, 
and it is possible that up to half of them will not develop well. There¬ 
fore, deep ploughing is not suitable for beans, but it was not realized by 
farmers before now. 

Peas, with black spots on them, are of the same shape as mung 
beans but are larger in size. They are planted in October and harvested 
in May of the following year. Peas can also be planted under trees 
whose leaves fall late. Broad bean pods look like silkworms and the 
grains are larger than soybeans. If they are planted in August, they will 
be harvested in April of the following year. In the western part of Zhe¬ 
jiang Province broad beans are extensively planted under mulberries. 
Broad beans and peas growing under trees begin to bear pods and 
grains even if the tree leaves are dense. But other crops cannot grow 
well under trees. In the upper reaches of the Xianghe and Hanshui 
rivers, broad beans are plentiful and therefore less expensive. Broad 
beans are no less significant than millet or proso millet in terms of 
their usefulness as food. 

One kind of beans is red bean. Red beans have been used as 
medicine and proved effective. Both kinds of beans are cooked with 
rice. Both are sown at the Summer Solstice and harvested in Septem¬ 
ber. They are widely planted in areas between the Yangtze and 
Huaishui rivers. Another kind of beans is called black lentil, which in 
the old days was a wild plant, but is now planted widely in the north. 
As a replacement for mung beans, they can be ground to make sheet 
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jelly. Pedlars in Beijing sell sheet jelly from street to street which indi¬ 
cates its large output. White hyacinth beans, also called eye-brow 
beans, grow along fences. There are other kinds of beans, such as cow- 
peas, tiger-spot beans, knife-shape beans, black-color soybeans, and 
brown-color soybeans which are planted in certain areas, to name just a 
few. Beans can be used as vegetables or the main food. No wonder nat¬ 
uralists value them. 
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Chapter 2 


Rice and Wheat 

Songzi says that Nature provides five types of grains to nourish 
people. Grains are hidden in the yellow chaff, and look as beautiful as 
if they were in yellow robes. Rice is covered in chaff, wheat is enclosed 
by bran, and millet and sorghum grains are hidden in featherlike husks. 
It is obvious that people can get fine and polished rice and flour by 
getting rid of their impurities. For those who are particularly interested 
in the flavor of food nothing can be too refined. Pestle and mortar are 
used to grind and polish cereals and are useful to everyone. The desire 
of refining results in an excessive use of small and humble tools such 
as the pestle and mortar. How can the inventors be common people? 
In fact they are geniuses. 
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The Processing of Rice 

Rice grains are removed from their stalks after harvest. Half of the 
rice grains can be obtained by thrashing the stalks on something, and 
the other half can be obtained by spreading the rice stalks on the 
ground and passing over them with an ox-drawn stone roller. Hold a 
handful of rice stalks in hand and thrash them on a cask or on a slate. 
If there are more rainy days and fewer sunny days during the harvest 
season, both the field and the rice will be wet. Therefore, the rice can¬ 
not be put on the ground. In this case, thrash the rice stalks on the in¬ 
side of the cask in the field right after harvest. If it is sunny and the 
rice is dry, it is more convenient to thrash the rice stalks on the slate. 
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Rice thrashing in the wet rice field 












































Rice thrashing on dry ground 
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Obtaining rice grains with an ox-drawn stone roller requires only 
one-third of the human labor required by thrashing with hands. Howev¬ 
er, using a stone roller has the danger of damaging the tip of rice 
grains and thus reducing the chance of germinating. Fanners in the 
south who grow plentiful rice use an ox-drawn stone roller to obtain 
rice grains from the stalks. But they thrash rice stalks on slates to get 
seed rice for next year’s planting. In the best rice there are nine full 
grains out of ten and only one is blighted. If the weather is not favor¬ 
able, or the roots are not heaped in time or the weeds are not pulled 
out in time, there will be some rice grains of poor quality. There will be 
six full grains and four blighted grains. People in the south use win¬ 
nowers to blow off blighted grains. Less rice is planted in the north. 
People winnow rice by hand, the same way they winnow wheat and 
millet, but it is not as convenient as using a winnower. 

People use a long, which is a rice huUer like a stone mill, to re¬ 
move the rice husks. They use pestles and rollers to grind rice. People 
can also hull rice with a mill, a treadle-operated tilt hammer for hulling 
rice. Dry rice can be processed by rollers without using the longs. 
There are two kinds of longs: one is made of wood, mostly pine. The 
wood is sawed into pieces of one chi long, and built into the shape of 
stone mills. The inner faces of the two circular blocks are both marked 
with diagonal grooves. The protruding center of the lower block is in¬ 
serted into the upper block. The unhusked rice is fed into the hole in 
the middle of the upper block. The wooden long is worn out after 
hulling over two thousand dan of rice. When using a wooden long, the 
rice grains which are not totally dry will not be damaged. Therefore, 
thousands of dan of rice prepared by using the wooden long can be 
supplied to the army and government in the form of taxes. The other 
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Obtaining rice grains with an ox-drawn roller 









The wooden long 
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kind is a loess long. Bamboo is cut open and weaved into a round bas¬ 
ket. Fill the gaps with loess and fix bamboo teeth on both baskets. 
There should be a beunboo funnel in the upper basket holding the rice. 
The capacity is twice that of a wooden long. If the rice is a little moist, 
it will be broken into pieces right after the rice is put into the loess 
long. The loess long will be worn out after hulling about two hundred 
dan of rice. It requires strong men to handle the loess long^ while the 
wooden long can easily be handled by women or children. Rice eaten 
by common people is usually processed with a loess long. 

After hulling rice grains with a long^ people use a winnower to re¬ 
move chaff and blighted grains, and then pour them into a sieve and 
turn it. The rice grains that have not been hulled come to the surface 
and are poured into the long again. Big sieves have a circumference of 
five chi and small sieves are only half this size. The center of the big 
sieve hunches a little and only strong men can use it. The small sieves 
are two cun high on the side and sunken a little in the center, and 
women can use them. After being sieved, the rice grains are poiu*ed in¬ 
to a mortar to be pounded. There are two types of mortars. A family of 
eight or more members digs a hole in the ground and fixes a stone mor¬ 
tar in the hole. Big mortars can hold five dou of rice, while small mor¬ 
tars can hold half of this amount. A crossbar is inserted into the head 
of a mill (the mouth of the mill is made of iron and is glued to the 
wooden part). The pounding miU is operated both by hand and foot. A 
farmer steps on the end of the crossbar to pound the rice. The rice will 
be coarse if it is not fully pounded, while it will be ground into powder 
if it is overdone. Good rice is all processed by using mortars. Those 
families which consume a smaller amount of rice use wood as a pestle, 
and the mortar is made of either wood or stone. If the husk of the rice 
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Separating husks with a winnowing machine 


































































The sieve 
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turns into powder after hulling, it is called fine chaff and is used to 
feed pigs or dogs. People also eat the fine chaff in times of famine. 
Fine rice is obtained after getting rid of the fine chaff and dust with a 
winnower. 

A water-powered mill is used by people who live beside rivers in 
the mountainous areas. It can save ten times the efforts when it is used 
to pound rice, so people all like to use it. The water-powered mill is 
constructed the same way as the cylinder wheels for irrigation. The 
number of mortars placed on the water-powered mill varies. People put 
two or three mortars in places where the water supply and the land 
area are limited. There is no problem placing ten mortars side by side 
where the volume of water is large and land is plentiful. The construc¬ 
tion of a water-powered mill in Guangxin Prefecture, south of the 
Yangtze River is splendid. When the place in which the mortars are 
buried is low, the water-powered mill is submerged; when the place is 
too high, the current cannot reach it. The method for building a water- 
powered mill in Guangxin Prefecture is to use a boat as the base 
ground. The boat is secured by a wooden piling that surrounds it and is 
filled with earth in which the mortars are set. If a low stone dam across 
the current of the stream is built to provide water power, there is no 
need to build embankments of wood, earth and so forth. Another kind 
of water-powered mill has three functions. When the swift current sets 
the water wheel in motion, it turns the water-powered flour mill, the 
rice-pounding mill and a device for drawing water to irrigate rice paddy 
fields. Such a device can only be invented by an unusually clever 
mind. 

Some people who live along rivers only use stone mortars to re¬ 
move the husks and bran and never use the longs. But farmers use 
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winnowers and sieves in the same way everywhere. A kind of hidling 
mill is made of stone, and the grinding base and the stone roller are 
both made of stones. People use calves or colts to turn the roller. One 
calf’s work in a day equals the work of five men. But the rice which is 
put into the roller must be dry, otherwise the rice will be ground into 
powder if it is wet. 


The Processing of Wheat 

Wheat is the raw material for flour. The finest rice is obtained 
from the processing of unhusked rice by pounding it twice, while the 
top-quality wheat flour is obtained from the processing of wheat by sift¬ 
ing repeatedly. The way of reaping wheat by hand is the same as reap¬ 
ing rice. People in the north winnow wheat by hand, for the winnower 
is not widely used. Farmers can not winnow wheat under the eaves, and 
they have to wait till it is windy. Winnowing can’t be done when there 
is no wind and when it is raining. 

After being winnowed, the wheat is washed in water to get rid of 
the dust, dried in the sun and then ground. Wheat has two colors, pur¬ 
ple and yellow; the purple wheat is better than the yellow one. Good 
wheat produces one hundred and twenty jin of flour for every dan while 
the inferior wheat produces one third less. There is no fixed size for 
flour mills. The larger mills are turned by strong oxen. The eyes of the 
oxen are covered with the bark of candlenut, or they will become dizzy 
while turning the mills. A bucket is suspended from under the ox’s 
belly to hold its dung and keep the wheat and flour clean. The small 
flour mills are light and easy to turn and thus are turned by donkeys. 
The even smaller ones can be pushed by humans. 

An ox-drawn mill can grind two dan of wheat a day, a donkey- 
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The flour bolter 
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drawn one can grind one dan, while a strong man can grind three dou 
and a weaker man can only grind half as much. Water-powered mills 
have been described above. The same method of grinding flour is em¬ 
ployed, but is three times as efficient as an ox-drawn mill. Above an 
OX-, a horse- and a water-powered mill, a sack, wide at the top and 
narrow at the bottom, is suspended and a small hole is made in the 
bottom end. Wheat is poured into it and the wheat will drop into the 
hole of the mill. But this is not necessary when the miU is hand-operated. 

The miUs are made of two kinds of stones, and thus the quality of 
flour produced in this manner depends on the stone of the mill. There 
is little top-grade flour in the south of the Yangtze River because the 
stone mills there shed sand. The stones get hot when grinding, so the 
bran is broken and mixed with the flour and cannot be sifted out. 
Stones in the north of the Yangtze are cold, fine and smooth, especially 
stones produced in Chizhou Prefecture in Jiuhua Mountain. Mills made 
of this kind of stone will not get hot, the bran will not be broken even 
though it is pressed flat, and the black bran will not mix with the flour. 
The flour is extraordinarily white as a result. Mills in the south of the 
Yangtze will be worn out after twenty days of use, while mills in the 
north of the Yangtze wiU last as long as six months. What’s more, mills 
in the south of the Yangtze produce a hundred jin of flour for every 
dan, as there is bran mixed in it, while mills in the north of the 
Yangtze River produce only eighty jin of flour. Therefore, the price will 
increase by twenty percent. But there is also gluten and starch included 
with the flour, so, in fact, the profit is even greater. 

After being ground, the flour is poured into a sifter and sifted sev¬ 
eral times. The more it is sifted, the better. The bottom of the sifter is 
made of thin silk. Sifters made from silk in Huzhou Prefecture will re- 
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The hand-operated small rolling mill 
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main in good condition after sifting a thousand dan of flour. However, 
sifters made from yellow silk in other places will wear out after grind¬ 
ing only a hundred dan of flour. The ready-to-eat flour can be stored 
for three months in cold weather. But in spring and summer, the flour 
will turn bad within twenty days. It is important to eat the flour 
promptly in order to ensure its taste. Barley can be cooked after pound¬ 
ing to remove its membrane. Less than ten percent of barley will be 
ground into flour. Buckwheat can be eaten after pounding to remove its 
huU or being ground down into flour. Buckwheat ranks far below wheat 
in quality and price. 


i ■ 


The Processing of Millet, Sesame and Beans 
Farmers winnow to get miUets, pound them to get grains and grind 
them to get powder. Besides winnowing in the wind and using a win¬ 
nower, there is another method, that is, shaking the millets with win¬ 
nowing riddles. These bamboo strips are woven into an oblong pan like 
a riddle. Pour the millets into the pan, and shake them into the air. 
The lighter particles will fly to the front and fall to the ground, and the 
heavy particles that remain behind are the good full kernels. The meth¬ 
ods for pounding, grinding and winnowing are the same as those for 
other grains and have been described in the section on rice and wheat. 
In addition, a small rolling mill is used to process millet in North China. 
A stone frustum whose center is higher than the edges is placed in the 
house. Millet is spread on the frustum, two women sit face to face and 
hold a stone roller to press and grind the millets in turn. The roller is 
cylindrical in shape and is much the same as the roller driven by an 
ox, but there are wooden handles on both ends. At the same time, when 
the millets fall to the edge, the millets should be immediately swept to 
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the top with a small brush. There is no need to use any mortar and 
pestle when a household has such a stone roller at home. 

After harvest, the sesame stalks are dried in the sun, and gathered 
into small bundles. Lay a bamboo mat on the ground to hold the 
sesame seeds. Hold one bundle at a time with both hands and beat it 
against a stone on top of the bamboo mat and the sesame seeds will 
come off easily. The sifter for sesame seeds has the same shape as the 
small rice sifter, but the gaps of the bottom are five times smaller. 
Sesame seeds fall down through the gaps, leaving bits of leaves and 
crumbs on the sifter, which are thrown away. After the reaping of the 
beans, farmers use a flail to get the beans from the stalks. When there 
is a large amount of the beans, they spread the stalks on the ground, let 
them dry in the sun, and then roll the beans off by using an ox-drawn 
stone roller. The flail is constructed by using a bamboo or wooden pole 
as the handle, by drilling a round hole in one end and tying another 
crabstick about three chi long. Spread the stalks on the ground and 
beat them with a flail. After that, farmers use a winnower to get rid of 
the remaining pods. Then after sifting in a sifter, the beans can be 
stored in a bam. Therefore, sesame seeds do not need to be pounded 
and ground and beans don’t need to be ground. 
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Salt Making 


Songzi says that there are five elements in nature, water, fire, 
wood, metal and earth, which are the basic elements of everything. 
They give birth to five tastes: salty, bitter, sour, spicy and sweet. A- 
mong the five elements water is wet; it flows and tastes salty. When 
King Wu of the Zhou Dynasty visited Qizi, a sage at that time, he 
learned about the five elements. People can survive even they do not 
eat food which they tastes either spicy, sour, sweet and bitter for as 
long as a year. However they cannot do without salt. If people do not 
eat salt for ten consecutive days, they will become so weak and tired 
that they can not even tie up a chicken. This proves that water is the 
creation of Nature, and the salt in water is the life-giving source for 
human beings. There exist large areas of bare and barren lands where 
crops and vegetables are not grown, but surprisingly, salt is produced 
and obtainable everywhere. 
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The Sources of Salt 

The sources of salt vary greatly. Generally speaking, there are six 
sources—sea salt, lake salt, well salt, earth salt, rock salt and gravel 
salt. The “tree-leaf”salt in northeastern China and the “bright” salt 
consumed by ethnic minorities in northwestern China are not included. 
In China, sea salt accounts for eighty percent of aU the salt produced, 
while well salt, lake salt and earth salt constitute the remaining twenty 
percent. Some of these salts are produced by using human labor while 
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others are obtained in their natural state. In those areas where boats or 
carts can not reach to provide the people with salt. Nature will offer 
some kind of salt for the local people. 


Sea Salt 

Sea water contains salt. The high ground beside the sea is called a 
tidal mound and the low ground is called a marsh, and in both places 
salt is produced. There are different methods to obtain salt from the 
sea. One way is to extract salt on high ground which cannot be flooded 
by the tides. Each salt producer has his own assigned area which can¬ 
not be transgressed. When salt producers predict it will not rain the 
next day, they wiU spread ashes of rice, wheat and reed stalks about 
one cun thick over a wide area and press to make them smooth. When 
the dew begins to evaporate the next morning, salt will come out of the 
ashes, just like couch grass. When the sun comes out, the salt will be 
swept up together with the ashes to be leached and crystallized. 

Another way of extracting salt is to obtain it on the low ground 
without using ashes. The low ground is first submerged by the tide. 
Wait until the tide recedes and the weather is sunny. Then a layer of 
salt frost will appear on the surface after the ground is exposed to the 
sun for half a day. The salt is swept up and refined immediately. Peo¬ 
ple can also dig pits in the ground and lead the sea water into the pits. 
Some bamboo or wooden sticks are put across the opening of the pit; it 
is then covered with a reed mat, and sand is spread over the mat. 
When the tide comes in and covers the ground, the brine wiU drip 
through the sand into the pit. The mat and sand are then removed and 
a lamp is used to heat the brine in the pit. When the brine evaporates, 
the lamp goes out. The brine is then taken out and refined. The impor- 
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Extracting salt by spreading ashes 




































Sea biine passes through raw salt in a reed mat and drains into a shallow pit 
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tant factor for all these methods of extracting salt is fine weather, and if 
there is a prolonged spell of rain, a “salt famine” will result. In Huai’an 
and Yangzhou, salt frost shaped like horse teeth rise to the surface of 
the ground and crystallizes in the sun naturally. It is called “sun-dried 
salt”. It does not need decocting and refining. After it is collected from 
the ground, it is ready to use. Some grass and straw come along with 
the sea water and sea wind and are drifted ashore. They can also be 
collected and boiled to obtain salt, which is called “straw salt”. 

The way to leach and decoct salt is to dig two pits side by side, a 
shallow one about one chi deep and a deep one about seven or eight 
chi deep which wiU receive the brine from the shallow pit. Cover the 
pits with a reed mat using the support of crossbars of bamboo or wood 
on the shallow pit. Spread the salt collected from the ground on the mat 
(the method of draining is the same whether or not ashes are mixed 
with the raw salt). The edges of the mat should be a little high and be 
shaped like a dam. Pour sea water into the center of the mat; the sea 
water will become brine and drain into the shallow pit. The brine then 
drains down into the deep pit. Finally, boil the brine in a pan for crys¬ 
tallization. 

In ancient times there were two types of pans for crystallizing salt 
which are called Strong Pans. The Strong Pan has a circumference of 
several zhang and is about one zhang in diameter. The pan made of 
iron is constructed by striking iron into iron plates and the iron plates 
are put together by iron rivets. The bottom of the Strong Pan is level 
and the sides should be 1.2 chi high. The seams of the pan are filled 
with the salt from the brine and so they are watertight at all times. 
The furnace under the Strong Pan has as many as thirteen (at least seven 
to eight) doors at which fire is lighted at the same time to heat the pan. 
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In the coastal areas in the south some pans are made of bamboo. The 
bamboo is woven into pans one zhang in width and one chi in depth. 
The bamboo pan is plastered with clamshell lime and is attached to the 
inside of a large iron pot. When fire is lighted under the pot, heat is 
transmitted to the bamboo pan, and the brine boils, subsequently crys¬ 
tallizing into salt. These salt pans are not practical as the iron ones. If 
the boiled brine is slow to crystallize, a mixture of the ground pods of 
Zaojiao (Gleditsiasinensis), millet grains and chaff should be added to the 
boiling liquid, and salt can be obtained shortly afterwards. The role of 
the gleditsia pods in the crystallization of salt is similar to that of plas- 
ter-of-Paris in the solidification of bean curds. 

The salt produced in Huai’an and Yangzhou is heavy and black, 
while the salt produced in other places is light and white. Considering 
the weight, the Huai ’ an salt weighs ten liang per sheng, while the salt 
produced in Guangdong, Zhejiang and Changlu weighs six or seven 
liang per sheng. There is not always straw salt. It may be collected sev¬ 
eral times a month or only once in several years. Salt dissolves whenev¬ 
er it meets water, become brine whenever it meets wind, and turn 
stronger when meeting fire. It is not necessary to store salt in a ware¬ 
house, as salt can stand moisture, but not wind. Spread a layer of straw 
about three cun thick on the ground. It doesn’t matter whether the 
ground is low and wet. If people lay adobes around and fill the gaps 
with loess, and cover it with one chi of couch grass, the salt will stay 
intact and fine even for one hundred years. 

Lake Salt 

Lake salt is produced in two places in China: one is in Ningxia, 
whose salt is supplied to the frontier towns and the other is in Xie Lake 
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in Shanxi Province, which provides salt to the counties and towns in 
Shanxi and Henan provinces. Xie Lake is located in the intersection of 
Anyi, Dishi and Linjin. Xie Lake is surrounded by a rampart for pro¬ 
tection. The deep lake water is dark green. Native salt producers 
plough the field beside the lake into ridges and lead the clean water in¬ 
to the pool to the ridges. They take care not to let in turbid water; oth¬ 
erwise, the turbid water will silt up the ridges. 

People plough the land near the lake into plots separated by 
dykes, and introduce clear brine from the lake into the plots. The ex¬ 
tracting of salt is done in spring. If it is done later than the required 
time, the brine will turn red. Toward late summer or early autumn 
when the south wind blows hard across this area, the brine evaporates 
entirely and salt crystallizes overnight, which is called “grain salt”, al¬ 
so termed “large salt” in ancient books, because this lake salt is 
formed in big crystals, hence the term “large” while sea salt is finely 
granulated. Lake salt can be used as table salt soon after it crystallizes 
and is gathered. Salt producers have to turn in one dan of salt to the 
authorities and receive only a few dozen copper cash. In Haifeng(the 
present Yanshan, or “Salt Mountain”, County in Hebei) and Shenzhou 
(the present Shen County in Hebei), where sea water is introduced in¬ 
to ponds on the shore and crystallized by the sun, salt can also be used 
directly as table salt without refining, which is the same as Xie Lake 
salt. It differs greatly from the latter, because the crystallization of salt 
in these places does not depend on the south wind. 

Well salt 

Yunnan and Sichuan provinces are remote from the sea. Moreover, 
these places are geographically at a high altitude. So boats and carts 
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can not reach there easily. Their source of salt is buried deep under¬ 
ground. There are rocky mountains in Sichuan which are not far from 
rivers; people dig wells and get salt from them. The shaft of the well is 
no more than several cun in diameter. It is so small that a small-sized 
basin can cover it. But the well has to be drilled over ten zhang deep 
to get to the salt bed. Therefore, it takes great effort to dig such wells. 
The tool used to drill holes in the mountain rocks is an iron drill with a 
very hard and sharp tip which is shaped bke the blade of a chisel. The 
drill is suspended and held in place by a bundle of split bamboo strips 
and fastened together with ropes. Each time the rock has been drilled a 
few chi deeper, the bamboo-suspender is lengthened by fixing another 
section of bamboo to it. When the salt well is drilled one zhang or so, 
the drilling device is operated by stepping on it with one ’ s feet, in the 
same way of pounding rice in a mortar. When the salt well is drilled 
still deeper, the drilling device is operated by hand. The fragments of 
rock that result from the drilling are scooped up with an iron vessel at¬ 
tached to a long bamboo pole. It takes more than a month to dig a 
shallow well, and half a year to dig a deep well. 

The reason why the shaft of the salt well is made small is that a 
wide shaft allows the brine to degrade, through dissipation of its vapor, 
and become unsuitable for making salt. When the brine level in the 
well is reached, good bamboo stalks about one zhang long are chosen, 
and all the inner section partitions, except the one in the bottom end, 
are removed from them and a valve which allows the brine to enter is 
set in that partition. This bamboo is lowered into the well with a long 
rope. After it fills with brine, it is lifted to the surface by means of a 
pulley fixed over the well and a windlass turned by an ox-powered 
wheel. The brine thus obtained is then poured into a pan for evapora- 
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Drilling a salt well in Sichuan 
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tion and crystallization (only a medium-sized pan, rather thgin a Strong Pan, is 
used). Salt with a very white color is obtained from the crystallization 
process. 

It’s highly amazing that there are “fire” weUs in Sichuan. How¬ 
ever, there is actually no“fire” in the salt wells, just cold water. In fact, 
these “fire” weUs are indeed wells which contain natural gas. Split 
open a long bamboo stalk and take out the inner partitions; then put 
the stalk together again and securely wrap it with varnished cloth. Then 
put one end of this bamboo stalk into the well, while the exposed end 
is connected to a curved section of bamboo in order to reach the bot¬ 
tom of the salt pan which is now filled with brine. It will be seen the 
heat radiating from the mouth of the bamboo boils the brine in the pan. 
Yet if the bamboo stalk is opened and examined, no evidence of char¬ 
ring or burning can be seen. The natural gas contained in the fire well 
does not take the shape of fire but once it is lighted, it functions like 
fire. It is indeed one of the strangest things in the world! As a result, it 
is very easy for the operators of the salt wells in Sichuan and Yunnan 
provinces to avoid paying the salt taxes by covering up the wells. It is 
impossible to track down all these people. 

Earth Salt and Rock Salt 

Salt can also be obtained from alkaline soils. Besides the earth 
salt in Bingzhou in Shanxi Province, some people make salt from the 
earth. Some officials in Changlu are in charge of this. There is impurity 
in this kind of salt, so it is a little black and not tasty. There is no sea 
salt or well salt in Jiezhou and Fengzhou in Shanxi Province. However, 
there is salt formed naturally in the grotto which has the same color as 
red earth. People can peel it down and eat it without any refining. 
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Chapter 4 


Sugar Making 


Songzi says that all human beings appreciate fragrance, bright col¬ 
ors, and sweet flavor. Some natural products have a strong fragrance, 
some are brightly colored, and others taste sweet. These are all cre¬ 
ations of nature. Most of the sweet things in the world come from sugar 
cane, while bees are doing their utmost to gather all sorts of flowers to 
make honey, thus making sugar cane unable to monopolize the whole 
contribution of making sugar. What kind of natural force makes sugar 
canes and honey taste sweet to nourish human beings all over the world 
after all? 


Types of Sugar Canes 

There are two types of sugar canes, abounding in Fujian province 
and Guangdong provinces. The output of all the other provinces alto¬ 
gether contributes only 10 percent of the output of the above two 
provinces. The “fruit” sugar cane, which looks like bamboo but is big¬ 
ger than bamboo, can be cut off and eaten raw. However, it cannot be 
used to refine sugar. Sugar cane, which looks like reed but is smaller, 
is too thorny to be eaten raw by man, because it cuts one’s lips and 
tongue. White sugar and brown granulated sugar are made from sugar 
cane. In ancient China people knew nothing about using sugar cane to 
make sugar. During the Dali reign of the Tang Dynasty, the Buddhist 
monk Zou visited Suining in Sichuan Province, and since then the 
method of making sugar has been handed down year after year. Now it 
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is said that much of the sugar cane which is planted in Sichuan 
Province originally grew in the Western Regions ["areas west of Yu- 
menguan Pass”, including present Xingjiang and parts of Central Asia] 
and introduced to the Central Plains. 

The best time to plant sugar canes is the early winter before the 
coming of frost. The sugar canes are uprooted and buried by earth (avoid 
low ground or places where water gathers) after removing the tops and roots. 
Five or six days before the solar term of Rain Water in the following 
spring, the sugar canes are dug out of the earth on sunny days. After 
the bark is peeled off, the canes are cut into sections five or six cun 
long leaving two joints to a section. Then all the sections will be laid 
on the ground next to each other and then covered with earth. The ends 
of the sections overlap like fish scales. The two buds on each section of 
the sugar cane should be put in a level position since it is difficult for 
them to sprout when the buds are covered by each other. When the 
buds grow to one or two cun high, they should be watered with liquid 
manure frequently. When the young plants are six or seven cun high, it 
is time to transplant them. 

The sandy soil is best for planting sugar cane, especially the allu¬ 
vial soil along rivers. To test whether the soil is right for the sugar 
cane, the earth is dug one chi and five cun deep and a sample of this 
sandy soil is tasted in the mouth. If it tastes bitter no sugar cane should 
be planted in it. However, sugar cane should not be planted along the 
upper reaches of streams close to remote mountains either, even though 
the soil there is sweet because the cold climate in the mountain region 
will give the sugar cane a bitter taste later on. The flat land near the 
river facing the sun, which is about forty or fifty li away from the moun¬ 
tains, is the best location for planting sugar cane (but sugar canes are not 
planted in yellow earth). 


O H 

•§ ^ 
? S’ 

CQ 

CO S' 
C — 
(Q ^ 
03 < 
•-> C 


03 

3‘ 

(Q 



109 



* 

I 

Jf 

"t 

eg 



110 


[HA] 

»fT±, M±mm, 

ji»w^Ri!iii, -rs-zik, 

«-HR, mm^mn\Hm:t. 

vmm^mmo 


M m 

mM,:t^, ^^mm:t 

iii^iiis*itH±, mmt, +Mmm, 

liManiP*, 

[4^ii] 

fy, A±-+#6ti, 

i^3:LiS.-^i)oM-, i!'J^#ftft#->A, 

(*l o ^X-Bt, ffl 


M *1 # m 


^j^iVLib, +^Spl^#, ^>tiS.5»Spii 



The land for planting sugar cane should be prepared by ploughing 
it into four-c/fci-wide ridges with four-cun-deep ditches. Put three pieces 
of sugar cane in every seven-c/ii-long ditch and cover them with one- 
cun of soil. It is difficult for the sugar cane to sprout when the soil is 
too thick. When four or five buds appear on a piece of sugar cane, it 
should be earthed up gradually. Every time when ploughing and weed¬ 
ing the ground, earth it up and thicken it gradually too, then the sugar 
cane stalk will grow high with deep roots without dislodging. It will be 
better to do the ploughing and weeding frequently; the amount of ma¬ 
nure needed depends mainly on the fertility of the soil. When the sugar 
cane is one or two chi high, water-soaked withered cakes of sesame or 
rapeseeds can be used as manure and watered into the sugar cane with¬ 
in the ditches. When the sugar cane is about two or three chi high, the 
ox can be used to cultivate the fields. Plough two times a month: one 
time for turning up the soil and cutting off the side roots, while the oth¬ 
er time for banking up the soil and protecting the roots. Bank and pro¬ 
tect the roots at the beginning of September so that the roots will not be 
damaged by frost and snow. 
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Types of Cane Sugar 

The types of sugar refined out of reed sugar cane include rock 
sugar, white sugar, and brown sugar. The variety of sugar is determined 
by the age of sugar cane juice. The rind of the sugar cane will gradual¬ 
ly become dark red in autumn and then turn brown after the Winter 
Solstice and finally it will turn white. In the frostless area in the south 
of Wuling Mountains, sugar cane can be kept in the field for making 
white sugar. But in the north of Nanxiong in Shaoguan, Guangdong 
Province, the frost occurs promptly in October and consequently the 
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sugar cane will be destroyed. Therefore, there is no time for the sugar 
cane to become white in the field and it should be cut down ten days 
before the frost occurs in order to make brown sugar. If it is cut down 
earlier than that, there will be not enough juice; if it is cut down later 
than that, it is possible that the fiest wiU nullify all the previous efforts. 
Therefore, the farmers, who plant ten mu of sugar cane, should prepare 
a cart for making sugar and a pan for urgent use. In the fiest-free area 
of southern Guangdong, the time to cut down sugar cane is completely 
up to the farmers. 


Making Brown Sugar 

The vertical roll crusher in sugar manufacturing used for crushing 
cane is constructed as follows: take two wooden boards measiuing five 
chi long, two chi wide, and five cun thick. Drill holes at the end of 
each board to accommodate the supporting pjosts. The upper ends 
should extend two or three chi below the lower board and be buried in 
the ground, so that the whole apparatus will be stable. At the center of 
the upper board two openings should be made (through which two large 
rollers made of very hard wood are placed next to each other). It would be best to 
have the rollers measuring seven chi in circumference. One of the 
rollers should be three chi long, the other four and a half cun in length. 
Affixed to the protruding end of the latter one is a curved pole measur¬ 
ing one zhang and five chi in length that has been made of bent wood. 
This is attached to an ox that pulls it in a circle and thus turns the 
crusher. The surfaces of both rollers are deeply corrugated or cogged; 
the cogs of one roll fit into the grooves between cogs of the other. The 
sugar cane which passes between the two toothed rollers is pressed and 
crushed. This has the same principle as the cotton gin. 
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Juice will flow out when the sugar cane is pressed by the wooden 
roller. Then the pressed sugar cane will be inserted into the duckbill 
on the roUer £uid again and again to make sure all the juice has been 
taken out of it. The residue can be used as firewood. Dig two holes of 
one cun and 5 fen deep on the horizontal plank which supports the pair 
of rollers to prevent the axle from cutting through the plank. Then the 
sugar cane juice will remain on the plank. In order for the roller to ro¬ 
tate it more smoothly, some iron pellet is affixed to the bottom of the 
axle. There are slots on the horizontal plank through which the sugar 
cane juice can flow into the jar. Every dan of sugar cane juice should 
be mixed with half a sheng of lime to coagulate undesirable impurities. 
In boiling the juice for sugar, put three cooking pots to form a triangle 
and use them simultaneously. Gather the thick syrup which has been 
obtained after boiling the thin juice in the three pots and transfer it in¬ 
to one pot. Then pour more thin juice into the other two pots. If the 
heat is insufficient, even a lack of a handful of firewood, the juice will 
become irregular; it will be full of foam and useless. 

Making White Sugar 

The old sugar canes kept in the field throughout the winter in the 
south of Fujian and Guangdong provinces are pressed in roll crushers 
to get juice in the same way as mentioned above. The heat control for 
refining the juice of sugar cane can be adjusted by watching the bub¬ 
bles when it is boiled. When small bubbles like the bubbles of boiled 
meat broth appear and the juice sticks to hands while rubbing them, 
the boiling is sufficient. The color of the boiled syrup is dark yellowish. 
Next put the syrup in a barrel and it will crystallize into dark granules. 
Set an earthenware fiirmel (made of pottery) on the jar. The top of the 
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funnel is wide while the bottom is narrow; there is a small hole at the 
bottom, which is clogged with straw. Pour the dark granules into the 
funnel. When it is congealed, remove the straw in the hole and pour 
yellow-earth water into the funnel. The black residue is drenched into 
the jar so the white sugar is left in the funnel. The top layer of it is five 
cun thick and purely white, which is called “Western sugar” (because 
Western sugar is very white). At the bottom part, the sugar is somewhat 
yellow-brown in color. 

To make rock sugar, dissolve the white sugar in water and distill 
the dross with egg white. The heating must be sufficient. Split new 
bamboo into thin strips of one cun long and put them into the syrup of 
the white sugar. Overnight they will become rock sugar, like natural 
ice-cubes. Rock sugar can be made into different shapes such as lions, 
elephants and dolls. The quality of the rock sugar varies. There are five 
grades of white sugar including “Rock Mountain”, which is of the top 
grade, followed by clustered branch, “glossy jar”, “small grain”and 
“sandy bottom”, the lowest grade. 

Making Animal-Shaped Candies 

To make animal-shaped candies, put fifty jin of sugar in a large 
pot and light a fire under the pot to boil the sugar slowly and gradually. 
When the heating starts from one side of the pot, the sugar syrup will 
boil gently. But if the heating starts directly under the pot, the sugar 
syrup will seethe in an all-round way and spatter and overflow. Dis¬ 
solve egg white from three eggs in five sheng of cold water to make a 
mixture of liquid, and add it with a spoon slowly into the pot. The sug¬ 
ar syrup with the added mixture of liquid in the pot is heated slowly so 
that the impurities and scum will float to the surface. These are 
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skimmed off with a rattan strainer. At this moment the sugar syrup will 
become very pure and white. Then put the sugar syrup into a small 
copper pot with handles and a water outlet. Keep it warm over a slow 
fire of coal powder. Then pour it into the mold when the duration and 
temperature are just proper. The mold for lion and elephant shapes is 
composed of two pieces of pottery that come together to form a com¬ 
plete mold. Pour the sugar syrup into the mold and turn the mold 
around so that the syrup will flow off to make the animal-shaped can¬ 
dies. Because the syrup is hot but the mold is cold, a layer of sugar 
close to the mold will naturally adhere to the interior of the mold and 
become solidified. The candies made this way are called “feast can¬ 
dies” and is used at banquets only. 

Honey 

There are honey bees throughout the country, but the number of 
honeybees is smaller in areas where large quantities of sugar cane are 
planted. Nearly 80% of the honey made by bees is contributed by the 
wild bees coming from cliffs or earthen caves, while the other 20% by 
the domestically raised honeybee. The color of honey is not fixed. It is 
green or white, yellow or brown, and changes according to the nature of 
the flowers in different places. The names of honey are varied: rape- 
flower honey, grain-flower honey, and hundreds of other varieties. Every 
swarm of bees, whether wild or domestic, has a queen bee. There is a 
chamber as big as a peach in the hive where the queen bee lives. It is 
said that the descendants of the queen will become the queens of bees 
generation after generation. The queen bee never collects pollen. In¬ 
stead, a herd of bees collects pollen to feed her in turn every day. The 
queen bee goes on a tour twice a day (in spring and autumn when honey is to 
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be made) with eight bees attending her in turn. The queen bee by her¬ 
self goes to the opening of the bee hive and flies off, with four atten¬ 
dant bees supporting her belly with their heads, while another four oth¬ 
er bees flying beside her. After flying for a few hours, they return to the 
beehive with the eight bees accompanying the queen the way they fly 
off. 

People raising bees often hang a barrel on the side of an eave or 
put a box under a window. The barrel or box should be drilled about 
ten holes for letting the bees enter. It is no harm for the breeder to kill 
one or two bees but if three bees get killed, all the bees will rally to¬ 
gether to bite people, which is called “bee rebellion”. The bat likes 
eating honeybees most, so if it seizes the opportunity to creep into bee’s 
hive it will eat up countless honeybees. Hanging one dead bat in front 
of the barrel will scare away all the other bats, which is called “exe¬ 
cuting one as a warning to a hundred” in the old saying. When hiving 
a swarm into another place, a new queen should be picked to be the 
queen of the new group. The swarm of bees will arrange into a fan- 
shape to safeguard the queen to fly away. Some villagers often spread 
the wine around in order to help hiving off the bees with its fragrance. 

When honeybees make honey, they will build up honeycombs at 
first. The honeybees collect the nectar of the flowers and spit it out to 
accumulate into honey. To get the honey, the honeycomb is cut open, 
which will kill most of the young bees inside. The yellow beeswax is 
found at the bottom of the honeycomb. On the rock of remote moun¬ 
tains there are some honeycombs that have never been taken out for 
many years and are fully ripened for harvesting. The local people often 
prick them with a long bamboo pole and then the honey will flow out. 
People can climb up to reach the honeycombs which are less than one 
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year old. The way of extracting is the same as getting domestic honey. 
The honey coming from the bee combs in earthen caves exists mostly 
in North China while because of the low terrain and wet atmosphere in 
the south there is only honey from the bee combs on the cliffs but none 
from the bee combs in the caves. One jin of honeycomb will produce 
12 liang of honey. Honey produced in the northwestern China takes up 
half of the whole country ’ s production, which is equal to the amount of 
sugar cane syrup in the south. 


Maltoses 

Maltose can be made from rice, wheat, glutinous millet or millet. 
According to the Chapter of Grand regulations in The Book of History: 
The sweet taste of maltose comes from grains. The method of making 
maltose is soaking the grains of wheat or rice and the like in water and 
allowing them to sprout. Then dry them in the sun and boil them to 
make maltose. The white parts are of the prime quality, while the red 
ones are the so-called glue maltose, which once was very {popular in the 
palace in ancient times. The glue maltose looks like the amber and 
melts as soon as it is put in the mouth. People making maltose in the 
south call it malt sugar to distinguish it from cane sugar. People use a 
lot of techniques to make maltose into various kinds of sweet food, 
which can not be enumerated here. There is a variety called *‘nest of 
silken threads” which is used exclusively by the imperial household. 
No one knows whether the method of preparing this particular sweet¬ 
meat has been passed down to the later generations or not. 
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Oil and Fat Making 

Songzi says that Nature divides time into day and night. However, 
people work day and night by using oil lamps. Can we conclude by this 
phenomenon that people like working and hate leisure? If women were 
to weave by light of the firewood and students were to study by the 
glow of snow, would they be successful? The seeds of grasses and trees 
are rich in oil, which can’t flow out by itself. When people do some¬ 
thing to the seeds of grasses and trees with the help of the forces of 
water and fire and the pressure of wooden and stone utensils, the oil 
will come out. We don’t know how the skills and the wisdom of the 
ancient people are handed down from one generation to another. People 
transport the heavy objects to distant places by using boats and carts. It 
takes a little oil for the wheels to move. It takes a lot of oil to jam the 
chink of a boat. Thus, neither carts nor boats can move without oil. 
Cooking without oil is like letting an infant go without milk. This is on¬ 
ly one of the functions of oil. 
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Types of Oil 

For eating purposes, the oils made from sesame seeds, turnip 
seeds, yellow soybeans, and cabbage (also called white cabbage) seeds are 
of the top grade; the second grade of oil is Perilla ocymoides oil (the 
plant resembles Perilla mankinenis but its seed is bigger than that of sesame) and 
rape-seed oil (also called “vegetable seed” in the south); the third is the 
camellia or tea-seed oil (this tree is over ten feet high, and its seed is like poppy 
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seed, which should be shelled and its oil is obtained from the kernel); the fourth is 
Amarantus mangostanus oil, and the oil of the lowest grade is the 
hemp-seed oil (the skin of the hemp plant is used to make rope, and only the seed 
which resembles caraway seed is used to make oil). 

For lighting purposes, lamp oil made from the kernels of the veg¬ 
etable tallow-tree seeds is of the top grade, followed by rape-seed oil, 
linseed oil (which is planted in Shaanxi Province and locally called “louse sesame”, 
and it has a bad odor and is inedible), COtton-seed oil and sesame oil (which 
bums off quickly in the lamp), while tung oil (the Chinese-wood oil) and “mixed” 
vegetable tallow-seed oil are of the lowest grade (The poisonous odor of 
lung oil is sickening, and the mixed vegetable tallow-seed oil tends to solidify and ap¬ 
pear turbid.) For making candles, the best oil is “unmixed” vegetable-tal¬ 
low fat, followed by castor oil, “mixed’’vegetable tallow-seed oil solid¬ 
ified by adding a certain amount of white wax, the various clear oils 
solidified with the admixture of white wax, camphor seed oil (though it 
gives no less light than the other types of oil, some people don’t like its scent), and 
next, holly-seed oil (which is exclusively used in Shaozhou Prefecture in Guang¬ 
dong Province and rated low on the list because it contains less oil). People in the 
North China use beef fat to make candles, which are of the lowest qual¬ 
ity. 

Forty jin of oil can be extracted from one dan of sesame seeds, 
castor seeds and camphor seeds; and one dan of turnip seeds produce 
twenty-seven jin of oil (this oil is palatable and good for the internal oi^ans). One 
dan of rape seeds can produce thirty jin of oil, but the production of oil 
can be forty jin if the land where the rape is planted is fertile and the 
plants are weeded frequently or the seeds are thoroughly extracted. (But 
if the seeds are stored for one year, they will be dry and oilless.) Every dan of tea 
or camellia seeds can produce fifteen jin of oil (the oil tastes like lard and is 
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very delicious and the dry cakes of the camellia seeds can be used as firewood or fish 
poison), while every dan of tung tree seeds can produce thirty-three jin 
of oil. When the tallow hulls and kernels of the Chinese vegetable-tal¬ 
low tree seeds are pressed separately, twenty jin of "unmixed” tallow 
fat and fifteen jin of kernel oil can be produced. But if the seeds are 
not pressed separately, only thrity-three jin of "mixed” tallow seed oil 
can be obtaine, (but the seeds and hulls should be very clean). Each dan of 
holy seeds can produce twelve jin of oil; one dan of yellow soybeans 
can produce nine jin of oil (in the Wuxia locality, which is part of southern Jiang¬ 
su and northern Zhejiang Provinces nowadays, the bean oil is used for humans, and the 
cakes are used to feed the pigs); one dan of cabbage seeds can produce thir¬ 
ty jin of oil (the oil appears limpid as greenish water). Every hundred jin of 
cotton seeds can produce seven jin of oil (the oil is dark and not clear when 
first pressed out, but becomes clear after half a month). Thirty jin of oil can be 
produced from one dan of Amarantus seeds (this oil tastes good, but is rather 
cold and laxative in nature), and more than twenty jin of oil can be pro¬ 
duced from linseeds or hemp seeds. The above is a list of the main 
types of oil, and this means that no test is done on other types of oil. 
Even though the properties of some types of oil have been tested, they 
are still unknown to people in other places. 
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Tools and Methods for Extracting Oil 

In addition to the method of pressing for getting oil, boiling the 
castor-oil plants and Perilla ocymoides oil with two cauldrons is also a 
widely used method of extracting oil. In Beijing, people usually grind 
the same seeds to extract oil, but in Korea people often obtain the 
sesame oil by pounding the sesame seeds with a pestle or mortar. The 
residue can be obtained by extraction. The large timber for making an 
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oil press must be an armful in diameter and hollowed in the center. 
Camphor wood is best suited for this purpose, followed by sandalwood 
and alder wood (A press made of alder wood will rot rapidly if the 
moisture from the ground is not eliminated). The grains of these trees 
are circular and spiral and do not run up and down vertically. Thus, 
the wood will not split at the ends even if the center post is heavily 
hammered with a pointed wedge. In the north of the Yangtze River, 
timber with such large dimensions is rarely seen. In that case, four 
pieces of wood can be joined together by using iron hoops. The center 
portion is hollowed out so that the raw materials for making oil can be 
put inside. Thus small pieces of wood can also function as large timber 
to make an oil press. 

As is mentioned above, when the oil press is made, the center of 
the wood should be hollowed out. But the size of the hollow depends on 
the dimension of the wood. The big ones can hold more than one dan of 
raw materials while the small ones can hold less than five dou. When 
making the press, cut a trench in the hoUow and scoop out the wood 
with a curved chisel so that the hollowed trench is a long one with 
rounded ends. Then drill a small hole at the bottom and cut another 
small trench so the squeezed oil can flow out into a container. The flat 
trench is about three or four chi long, and three or four cun wide de¬ 
pending on the size of the timber, and therefore there is no fixed di¬ 
mension of it. The pressing wedge and ram installed inside the timber 
can only be made of sandalwood or oak. Any other type of wood will 
not be suitable. The tip of the wedge is sharpened with a knife or an 
axe, and it does not need to be polished because the rough surface will 
prevent it from sliding. The ramming wood and the wedge should be 
both hooped with iron rings to keep them from breaking. 
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After the press is made, put one kind of seeds or another into a 
pan and roast them with moderate heat (seeds fiom trees, such as those from 
sapium and the tung trees, are rolled and steamed without roasting) until a fragrant 
scent comes out. Then grind them into fine fragments and steam them. 
A flat-bottomed pan of no more than six cun deep would be the best 
choice for roasting these seeds. The seeds and kernels in the pan 
should be turned over and over again. The pan should not be too deep 
and the seeds should be stirred and turned over repeatedly. If not, the 
heat will be uneven and damage the quality of the oil. The pan should 
be fixed obliquely on the stove which is different from the steaming 
pot. 

The trough of a rolling mill should be buried in the ground. A 
round iron roller with a wooden pole passing through it should be 
placed on top of the trough. Two workers facing each other push the 
pole to make it go around for grinding seeds. The rolling mill can be 
made of stones and pulled by oxen if there is enough money for it. The 
strength of one ox is equal to that of ten men. Some seeds, such as cot¬ 
ton seeds and the like, are ground instead of being rolled. Sieve the 
coarser fragments out of the rolled seeds and grind them again. Those 
small particles can be steamed and when they are saturated with vapor, 
take them out and wrap them up in rice or wheat stalks to form the 
shape of* round cakes. The round hoop around the cake-shaped parti¬ 
cles is forged with iron or made from twisted bamboo. The size of the 
hoop should fit the hollow of the press. 

The oil is actually obtained from the vapor of the raw materials by 
steaming, and the oil seems to be extracted just in the time the vapor 
rises fi’om the steamer. If the steamed raw materials are not wrapped in 
a timely manner, the oil containd in the vapor will evaporate at once 
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and some of the oil will be lost. The skillful workers will pour, wrap 
and tie them up very quickly, which is just the secret of getting oil 
from the seeds. Some of the workers who have worked on this job for a 
lifetime do not know this secret. When the packing is finished, put 
them in an appropriate amount into the press. Then squeeze them until 
the oil flows out like springs. When the oil is extracted completely, the 
oil residue, which is called “ pressed cakes”, will appear. The oil 
residue of the sesame, turnip seeds, rapeseeds, etc. can be re-ground 
after the stalks are sieved out, and then get re-wrapped and re¬ 
squeezed. Half the amount of oil can be produced in the second press¬ 
ing. The Chinese vegetable-tallow and tung seeds do not need to be re¬ 
pressed because one time is enough to get all the oil out of them. 

Two pots are needed for boiling seeds or kernels with water. Put 
the castor seeds or Perilla ocymoides seeds into a cauldron with water 
and boil them. The foam floating on the surface is the oil. Take the 
seeds out with a scoop and pour into another dry cauldron. Cook them 
slowly until the water inside the pot is evaporated completely. The rest 
is oil. However the amount of oil is reduced consequently. In the north, 
people use a grinder to extract sesame oil. They often put the ground 
seeds into a gunny-bag and twist it to get the oil. This method is still 
unproven and needs to be explored in the future. 

Making Candles with Vegetable-tallow Fat 

Making candles with vegetable-tallow fat originated in Guangxin. 
First steam the tallow-tree seeds, together with their hulls, in a double 
boiler, then pound them with a white mortar and pestle. The mortar is 
about one chi and five cun deep, and the pestle is made of stone, with 
no iron cap. The stone obtained firom remote mountains is very smooth 
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and durable. The mortar is about forty jin with a piece of wood on the 
top. Pick up the inside oil layer and sieve them for re-steaming. The 
wrapping and squeezing are done the way as mentioned above. A black 
core appears when the oil layer is off. Heat the stone mill (the stone used 
to make mills is obtained from te mountains in Guangxin) which is fireproof with 
burnt charcoal around to grind those black cores very quickly. When 
the cores are broken, blow away the black shells and then get the white 
kernels. Those kernels can be ground, steamed, wrapped and squeezed 
in the same way as mentioned above. The oil is called water oil, and it 
is incomparably pure. It will keep burning tiU daybreak with one rush 
in a small oil lamp. This type of oil is much better than aU the other 
pure oils. There is no harm in people’s eating it. However, some peo¬ 
ple do not like to eat it. 

When making vegetable-tallow candles, first split a piece of bitter 
bamboo into two halves vertically and boil them with water tiU they are 
swollen (Otherwise the molten vegetable-tallow will stick to the bam¬ 
boo.). Then hoop the two halves together and pour the oil into the bam¬ 
boo tube which has a candlewick in the middle. The oil will condense 
very quickly. After that, take off the hoop and open the bamboo tube. 
The candle is done. The mold can also be made of sticks. Cut a piece 
of paper and roU it up in the shape of a wooden stick and fill in the 
leather oil. After the oil condenses the candle is done. This kind of 
candles will never corrode, even though they are exposed to the wind or 
stored for a long time. 
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Chapter 6 


Clothing Materials 

Songzi says that man, whose organs and limbs are the best devel¬ 
oped, is the highest of all forms of life on earth. The noble men wear 
clothes that are decorated with pictures of mountains and dragons and 
they rule the country. Low-status people wear linen clothes, so as to 
keep warm in winter and stay covered in summer, which differs them 
from animals. The raw materials of these clothes are supplied by 
Nature. Cotton, hemp, Chinese jute, and kudzu vine come from plants, 
and skin, fur, silk and silk floss come from animals and insects. Each 
makes up half of the raw materials which are necessary to make 
clothes. 

The skill of weaving is popular throughout the country. People 
make textiles with flower patterns from raw materials, and even make 
brocade by dyeing and embroidering. Though spinning and weaving 
machines have been spread all over the country, how many people have 
seen the weaving skills of jacquard? Some people get some knowledge 
about weaving skills from books, but they have never seen the actual 
methods in their lifetime, which is really a pity. Here, at first, we intro¬ 
duce how to raise silkworms to help readers understand where silk is 
obtained. It is natural that man and clothes should match; his social 
status can be marked by his clothes. 
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Silkworm Eggs 

It takes ten days for a chrysalis to change into a silkworm moth 
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and come out of its cocoon. There will be half female and half male 
moths. Female moths usually stay there, unwilling to move, while male 
moths flutter around. Female moths and male moths mate when they 
meet, and it wiU take a day or half a day before they separate from 
each other. After separation, the male moths ’ bodies die of exhaustion, 
while female moths lay eggs immediately. Place silkworm eggs on 
sheets of paper or on cloth, according to the local practice. (People in Ji- 
axing and Huzhou prefectures use thick paper made from mulberry bark which can be 
reused the next year, both are in the Lake Tai region in Zhejiang Province nowadays.) 
One moth can lay over two hundred eggs. These eggs adhere naturally 
to the paper in a single layer and never pile up. Silkworm farmers store 
these eggs for use in the next year. 


The bathing of silkworm eggs 

This method is only adopted in Jiaxing and Huzhou prefectures. 
People in Huzhou use dew and lime water to bath eggs. But people in 
Jiaxing usually use brine to bath eggs. Pour two sheng of brine mixed 
with water into a basin, then put a piece of paper with silkworm eggs 
on the water and let it float on the water. (It is the same as bathing with lime 
water.) Bathing begins from the twelfth day of the twelfth month on the 
lunar calendar and ends on the twenty-fourth, lasting twelve days 
altogether. After twelve days, take these pieces of paper out of the 
water to let the water drop, dry them with a weak fire and then keep 
them in cases or boxes away from wind or moisture until the next Pure 
Brightness, by which time the silkworm will be hatched. The bathing of 
silkworm eggs with dew is the same as that with brine. Put the paper 
on trays made of bamboo, spread them out on the roof, and press each 
of the four comers with a small stone. After twelve days of frost, snow. 
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wind, rain or thunder, put them away using the same method and the 
timing mentioned above. Because inferior eggs will die off naturally 
without producing silkworms, it can save mulbeiry leaves and get more 
silk. This method isn’t used with silk-moth eggs of the late variety of 
silkworms. 


Avoidances 

After the silk-moth eggs are laid, the egg papers are held in the 
square frame made of four pieces of wood and hung up in breeze. The 
frames should be suspended from rafters and beams inside a house, so 
as to avoid the sun. Be sure that there is no tung oil, smoke or fire 
below them; there should be no snow light shining upon it, otherwise 
these silkworm eggs will become hollow. When it snows, put the paper 
away as soon as possible and hang it again the next day after the snow. 
This continues until the twelfth lunar month, when the eggs are put 
through the bathing process and then stored. 

Types of silkworms 

Silkworms can be divided into two types, the early silkworms and 
late silkworms. The late silkworms hatch five or six days ahead of early 
silkworms ( silkworms in Sichuan are different). They also change into 
cocoons ahead of the early silkworms, but they are one third as light as 
the early silkworms. When the early silkworms become cocoons, the 
late ones have already turned into moths and laid eggs for further 
production. (The chrysalis of the late silkworms can not be eaten.) When using 
the above-mentioned three methods to bath them, be careful enough to 
avoid mistakes. If the silkworm eggs that have already been bathed in 
dew are bathed in brine again, the eggs will become hollow and cannot 
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produce any silkworms. Cocoons can be either yellow or white in color. 
There are only the yellow cocoons in Sichuan, Shanxi, Shaanxi and 
Henan provinces, while there are only the white cocoons in Jiaxing and 
Huzhou prefectures. When a white male is crossed with a yellow 
female, their offspring, the cocoons wiU be light brown in color. Yellow 
silk can also be rinsed white with soap made from the fat of pigs, but 
they can never be dyed light blue or peach blossom-pink shades. 

Cocoons have several shapes. The shape of the late cocoons are 
like a cucurbit, and the shape of silkworms bathed in dew is as slight 
as Chinese torreya seed, or as oblate as walnuts. There is also a kind of 
silkworm which can eat mulberry leaves with mud, named the humble 
silkworms. But this kind of silkworms produce more silk. The colors of 
the silkworms can be purely white, tiger stripes, pure black and spotted 
and so on. But they all produce silk in the same way. Nowadays, some 
poor farmers make male moths that hatch only once a year mate with 
female moths that can hatch twice a year, thus producing a better type, 
which is amazing. In such places as Qingzhou and Qishui there is a 
kind of wild silkwonn which makes cocoons by themselves without 
being cared by human beings. When the tree leaves turn yellow, the 
moth flies away immediately upon emerging from the cocoon and its 
eggs are not preserved on paper sheets. Clothes made of the silk of 
tussah are waterproof and dirt-resistant. These kinds of wild silkworms 
are found elsewhere but are very rare. 
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Raising Silkworms 

Three days after Pure Brightness, larvae wiU appear naturally 
without having to be kept warm by covering clothes or quilts. It will be 
much better if the silkworm rooms face southeast, with cracks in the 
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wall pasted with paper and a ceiling added, if there is none. When the 
room is cold, heat it with a charcoal fire. When the larvae are fed, cut 
leaves into strips. The block used to cut leaves is made of wheat or 
straw stalks so that it won ’ t damage the knife blade. Preserve mulberry 
leaves in earthen jars, lest they will be dried by the wind. 

Before the second dormancy, the silkworm beds are cleaned. Pick 
up the silkworms with small round-pointed bamboo chopsticks when 
they are being changed from one basket to another. After the second 
dormancy, they can be moved by hand. The frequency of the basket 
changes depends on the silkworm farmers. If the silkworm beds are not 
cleaned frequently, mulberry leaves and excrement of the silkworm 
larvae will pile up, moist and hot, which will crush the silkworms to 
death. Silkworms produce silk before they fall asleep. If the beds are 
cleaned at this time, it is necessary to clean them thoroughly. If there 
are any old thick leaves and droppings, the silkworms will eat them af¬ 
ter they wake up. Then even a little bite of them will make them sick 
and die of swelling. After the third dormancy, if it is hot, move the silk¬ 
worms to a spacious and cool place as soon as possible. However, silk¬ 
worms also can not stand wind. After the fourth dormancy, the bed 
should be cleaned after mulberry leaves are added twelve times. If it is 
overdone, silk will be coarse. 
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Avoidances 

Silkworms can not bear either fragrance or stench. If odors of 
burning bones and the odor from the toilets come along with the wind, 
the silkworms will die easily. Odors of frying salted fish and stale 
grease will also cause silkworms to die. The scent of burning coal and 
Chinese eaglewood and Lignum santalialbi will also make silkworms 
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die. The scent of lazy housewives stirring the commode with urine and 
excrement will also do harm to silkworms. Silkworms are afraid of 
southwest wind. If the wind is too strong, a whole basket of silkworms 
will be stiffened to death. When there is any stench, bum discarded 
mulberry leaves quickly to fight against stench with the smoke. 
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Mulberry Leaves 

Mulberry trees are grown everywhere. People in Jiaxing and 
Huzhou prefectures plant mulberry trees by pressing the branches of 
the old trees into the ground. They choose lateral branches which grew 
out that year and pull them down with a bamboo hook close to the 
ground, and press them down with soil in winter. Each will grow roots 
the next spring and can be transplanted after being cut. The essence of 
mulberry trees planted by using this method is concentrated in the 
growing of leaves. They won’t fructify and bloom. When trees grow to 
seven or eight chi high, their tops are cut off. The leaves will hang 
down and you can pick them without climbing ladders or trees. This is 
a convenient way to get leaves. What’s more, mulberry trees can be 
planted by seeds. Pick seeds when they are purple and ripe, wash them 
with yellow mud water, pour them onto the ground with water. The 
seeds will grow into trees more than one chi high that autumn which 
can be transplanted the next spring. If watered and fertilized frequently, 
they are likely to flourish. But there are some which will fructify and 
bloom, thus their leaves will be sparse. There is also another kind of 
mulberry trees whose leaves are too thin to be eaten, but they can be¬ 
come thick after grafting. 

There is a kind of leaf called three-bristle cudrania, which can 
take the place of mulberry leaves when they are in short supply. The 
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three-bristle cudrania is rarely seen in Zhejiang Province while they are 
abundant in Sichuan Province. Poor families raise silkworms in Zhe¬ 
jiang Province; they feed silkworms with the three-brisde cudrania 
when the mulberry leaves are insufficient. The strings of the qin (a kind 
of musical instrument, similar to the lute) and the bow are made from silk 
produced by so-called Ji Silkworms which are fed with three-bristle cu¬ 
drania, and the silk is said to be the most durable. Mulberry leaves are 
cut with shears, and the shears made in Tongxiang County of Jiaxing 
Prefecture are the sharpest. No shears elsewhere can match them. With 
the right method of cutting, more leaves will appear in the second 
month after the mulberry trees grow new branches. Thus more mulberry 
leaves can be obtained easily. In May of the Chinese lunar calendar, 
feed late silkworms with leaves of new branches without cutting down 
its branches. The third stubble leaves wiU flourish in autumn after the 
second stubble is picked. People in Zhejiang Province will let the 
leaves fall naturally after they are stricken by frost and put them away 
to feed sheep. They will gain good benefits from the making of woolen 
materials. 



Care in Feeding Silkworms 

After the fourth dormancy, silkworms can eat wet leaves. Leaves 
picked on rainy days can be spread out casually to feed silkworms. 
Leaves picked on sunny days should be saturated with water, so the 
silk produced will be glossy. Leaves picked in rainy days should be 
hung on a rope under ventilated eaves. The rope should be shaken from 
time to time to dry the leaves. Such leaves can be used to feed the 
silkworms before they go into the fourth dormancy. If dried by clapping 
with hands, the leaves will be charred and the silk produced will be 
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dim. Be sure the silkworms are full before they sleep. After dormancy, 
it is even all right to delay feeding them half a day. Wet leaves in fog¬ 
gy weather do great harm to silkworms, so don’t pick leaves when it is 
foggy in the morning whether it is suny or rainy. Wait until the fog 
disappears. When there is dew on leaves, please also wait until the 
leaves are dry. 


Silkworm Diseases 

The silkworm diseases have been mentioned above. When silkworms 
are hatched from eggs, attention should be paid to prevent them from 
moisture, heat or being pressed. When cleaning the beds at the time of 
their first dormancy, move the cover of lacquer away lest there will be 
any moisture in it. The symptoms of illness are as follows: the breast of 
the silkworm shines, the whole body is yellow, and their heads become 
bigger while tails become smaller gradually. What’s more, they move 
about when they should sleep, and they eat less. Be sure to clear away 
such silkworms as soon as possible lest they will affect others. Good 
silkworms will sleep on leaves. Those that are below the leaves are 
either weak or lazy; the cocoons they produce will be thin. Those that 
spit out silk carelessly and form a loose cocoon without the right 
method are stupid silkworms rather than the lazy ones. 
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Enemies for the Silkworms 

Three enemies do harm to silkworms: sparrows, mice and 
mosquitoes. Sparrows do not harm cocoons, mosquitoes do not harm the 
early silkworms but mice threat exists all the time. There are various 
ways to get rid of them adopted by different people. (Silkworms will die if 
they eat leaves with sparrows ’ dung on them.) 
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The Maturity of Silkworms 

When silkworms have eaten enough leaves, it is necessary to pick 
them out to make cocoons as early as possible. Timing is important and 
can not be delayed. Silkworms usueilly hatch at Chen[l to 9 a.m.] and 
Si [9 to 11 a.m.], so the silkworms become mature and form cocoons 
mostly at this time. Mature silkworms’ cheeks below the throat are 
transparent. If those that are mature are picked out too soon, they will 
spit out little silk. If those that are too mature are picked out too late, 
they already spit out some silk and their cocoons are surely thin. Silk¬ 
worm pickers should have keen eyesight to pick out the right ones 
at the right time. Black silkworms are the most difficult to pick 
since people can not see transparency in their bodies when they are 
mature. 

The Spinning of Cocoons 

For the spinning of cocoons, the method adopted by people in 161 
Jiaxing and Huzhou prefectures should be followed. People in other 
places don’t know how to heat with fire, but just let silkworms make 
cocoons by themselves, and even allow cocoons to be formed on stalks 
and in cases without heating with fire and ventilating. As a result, spun 
silk made of such silk in Tunxi and Zhangzhou and silk in Henan and 
Sichuan provinces are likely to deteriorate. On the other hand, clothes 
made of silk produced in Jiaxing and Huzhou prefectures remain intact 
even if they are washed a hundred times. The way adopted in Jiaxing 
and Huzhou prefectures is as follow: split bamboo and weave it into the 
screen, support the screens with wooden shelves about six chi high 
below it, and place a basin with charcoal fire in it every four or five 
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chi. The fire should be kept moderate when silkworms are first placed 
on the screens. Because silkworms like warmth, they will produce silk 
immediately, and will not move around any more. 

After silkworms make cocoons, add half a jin of charcoal into each 
basin, so as to make the silk spit out dry and last long. The cocoon 
room should not be covered since cocoons need heating below and 
ventilating above. Cocoons right above the basins cannot be used for 
silkworm eggs. Those far from the basin should be chosen. Bundles on 
the screen are screwed by hand with straw stalks and plugged into the 
screen vertically. People who make bundles should have strong hands. 
If the space of the screen is sparse, fill the space with some bamboo 
splints, so as to prevent silkworms from falling on the ground or falling 
into the fire. 


Gathering Cocoons 

Take down the screens and pick out the cocoons three days after 
they are formed. The silk outside of the cocoons is called Sikuang (loose 
silk or floss). Old housewives in Huzhou Prefecture buy it at a cheap 
price (a hundred of copper coins a jin). They use copper coins as spindle 
and make it into yam and then weave it into the “spun-silk”. Spread 
cocoons without yam on a big tray and put it on shelves for filature and 
making into silk floss. If placed in covered containers like cupboards or 
cases, the silk fibre will decay and break as a result. 

Sorting Cocoons 

Choose the regular single cocoons when silk is reeled, so the silk 
won’t mingle. If there are twin cocoons or cocoons formed by four or 
five silkworms together, pick them out for making silk floss, otherwise 
the silk will be coarse. 
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Mature silkworms spinning cocoons on split-bamboo screens 
























Reeling silk fibers 
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Making Silk Floss 

Double cocoons and remainders at the bottom of the pot after silk 
reeling can not be reeled into ordinary silk, but can be used to make 
silk floss. Boil them in rice straw ash water (lime water is not suitable), 
then pour them into a basin holding clear water. After clipping the 
thumb nail, the worker picks up a group of four cocoons at a time, and 
bores a hole at one side of each cocoon with the thumb. This operation 
is continued until four groups of fours (a total of sixteen cocoons) are treat¬ 
ed. The opening of each cocoon is further enlarged by pressing through 
it by using the fist. These sixteen cocoons are then put under small 
bamboo bows for further stretching. This is what the Chinese philoso¬ 
pher Zhuangzi called “washing the spun silk”. 

Silk floss produced in Huzhou is especially white and pure be¬ 
cause of the superior techniques. When a cocoon is put under the 
bamboo bow, it must be knocked very quickly and deftly so it can be 
easily stretched while still in water. If the knocking is slow and the 
bowing is done when the water has already drained off, the silk fibre 
will be matted and cannot be loosened completely and it wiU not look 
pure white. The leftover filature is called “the pot-bottom silk”. It can 
be put inside the linings of garments and bedclothes to keep out the 
cold, both of which are called Xiakuang. Labor cost in making such 
silk floss is eight times that of silk reeling. One can only get a little 
more than four liang a day. People spin this kind of silk floss into 
thread and weave the thread into Huzhou silk, which is very expensive. 
Another type of silk product made with this silk is called “figured spun 
silk”, and is much more expensive. 
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Reeling Silk Fibres 

A reeling machine must be made ready before silk is reeled. Its 
size and components are shown in the iUustration in PI65. Heat the 
water in a pot until it boils; pour the cocoons into the pot. The coarse¬ 
ness or fineness of the reeled thread depends on the number of cocoons 
put into the pot. One worker can get thirty liang of ordinary silk a day; 
one can get twenty liang of silk which is used to make scarfs, since the 
fibres for this purpose have to be longer. Put twenty cocoons in the pot 
at once if you want to get ordinary silk, and put a dozen if you want to 
get silk for scarfs. When the cocoons are being boiled in the pot, stir 
the surface of the water with bamboo sticks. By doing so the ends of 
the silk fibres are made visible. Take the ends by hand first and then 
pass them through the eyelets in the reeling machine. They are then 
placed over the pulley (made of bamboo cylinders) and fixed to the thread¬ 
passing rod and thence to be wound by the winch. 

When one fibre breaks off during the mechanical process of reel¬ 
ing, find the loose end and put it in place. But there is no need to con¬ 
nect the two pieces together. The even distribution of the silk fibres on 
the machine is attributed to the skillful use of the pulley and the 
thread-passing rod. The use of the reeling machine in Sichuan Province 
is a little different. Here people put the reeling machine directly over 
the pot. Two men sit face to face and look for the fibre ends in the pot 
separately. They bring up four or five fibre ends to the reeling ma¬ 
chine at a time. But it is not as good as the reeling machine in 
Huzhou Prefecture. Wood used for silk reeling should be extremely dry 
and smokeless when burnt, in order not to ruin the color of the silk. 
The way to make high-quality silk can be sununed up by two phrases 


CD 


Q d 

3 - 0 ) 

^ G) 
o 

O^CQ 

Q m 

I § 
I" 

I 

CD 

:3 

0 )' 

Ur 



169 



I 

Jf 


7i 

eg 

s 




[/I*] 

E-+W=o *sai*^lfeo (««3tx«, 

fe, PJ^ffl;ko) 


m M 

*5feffli^o wnmm. 

^±, ^E1t±, 

a«f;iB^, fi;2:BPTo 

m ^ 

vmimo imm'j^, mmmm^o « m + m . 

JftAB&ifeo il#l^jl. 



170 


I4^ii] 

#j4-f-, )*Sps{J;d<-i^<, 05tii*-x#R, 




Ppar,MBt, 

++#ft (^M#-) :^#^li, 
gc4„ '}'4ir^-<ii-‘]';5^'ifMf>ir^, *riiBt-4i^, 
4^SfcT4tT„ 




in six Chinese characters. The first saying is “dry out of the mouth”: 
drying the silk with a charcoal fire as the cocoons are being spun by 
the silkworms. The second saying is “dry out of water”: as the silk is 
being wound onto the winch of the reeling machine, a small charcoal 
fire is made in a brazier and placed about five cun away from the 
winch. As the winch rotates and stirs the air nearby, the silk is dried in 
the heat as it passes through. This is called “dry out of water”. (If it is 
sunny and there is a gentle breeze, there is no need to heat with fire). 


Spooling the Silk Fibres 

Spooling the silk fibres is the first step toward the preparation of 
silk fibres for weaving. At a bright spot under the eaves, a skein frame 
is set up by fixing four bamboo sticks to a wooden board set on the 
ground. The reeled silk is stretched on the frame. At the point eight chi 
high on a pillar nearby, a device is set up which consists of a small, 
semicircular bamboo hook hanging at an angle, through which the silk 
fibres are passed. The ends of the fibres are attached to a hand spool 
which is held and rotated by the operator’s hand, so that the silk is 
wound and ready to be converted into weft or warp yam. If some fibre 
breaks off during the spooling process, the hook can be lowered by 
means of a lever that consists of a small bamboo rod with a suspended 
stone at its end to function as a weight. 

Spinning Silk Fibres into Weft 

After the silk fibres are spooled, the silk threads are made into warp 
and weft yams by means of spinning. The warp yam consumes less silk 
than the weft yam. Generally speaking, in every ten Hang of silk, warp 
takes four Hang while weft takes six Hang. The spools of silk fibres that 




Spooling silk fibers 



































































































The spinning wheel for making yams 
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are intended for making weft yam are first sprinkled with water, then 
twisted with a spinning wheel carrying a rotary ring, and finally spun 
onto a bamboo rod. 


Warp Frame 

After spooling, the silk threads are drawn into warp strands for 
weaving. A straight bamboo rod is pierced with thirty holes, each of 
which is connected with a split bamboo ring, known as ^Liuyan*. The 
rod is held in a horizontal position by fixing its two ends separately on 
two supporting pillars. The silk thread of each spool is first drawn 
through a separate bamboo ring, then passed through one of the holes 
of a palm-shaped ‘"Zhangshan(warp guiding-rake)”, and finally wound 
on a warp rack. When the silk is long enough, the silk threads are tak¬ 
en down from the rack and wrapped on the roll of a warp down into two 
groups by two pieces of bamboo. After that, the threads are first drawn 
through a combing harness (which is not the one used in weaving). When this 
is done, the beam is placed at a distance of fifty to seventy chi away 
from the roll from the warp frame. If the threads are to be sized, the 
sizing is carried out at this point; if this is not required, then the 
threads are rolled onto the warp beam and are ready for weaving. 

Sizing the Silk 

The material commonly used for sizing is the starch from the gluten 
of wheat. Sizing is necessary for gauze (luo) and thin gauze (sha), but 
for damask and plain silk fabrics sizing is optional. If the thin gauze is 
to be dyed in colors so as not to show any of its natural hues, a 
solution of ox glue is used in sizing, and the product is called “thin- 
glue gauze”. The sizing liquid is held on top of the combing harness. 
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The warp fi:ame for separating and sizing warp threads 
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which is moved back and forth through the silk threads in order to size 
and dry them. On a clear and sunny day the sized threads can be dried 
in a few minutes; but on cloudy days a breeze would be needed for 
drying. 


The Border of Silk Fabrics 

Whether the thick damask silk or the thin gauze, both need 
specially woven borders. There have to be over twenty threads on each 
side which must be dipped in liquid and dried by using moving hoops. 
Thread damask and gauze into hoop every thirty or fifty zhang, so as to 
reduce the times of warpings. Make a mark with ink on the sides every 
pi to control the length. The silk used for weaving the borders of silk 
fabrics is not wound on the yam beam, but on the crossbeam of the 
loom. 


The Number of Warp Threads 

The harness used to weave yam and gauze has eight hundred teeth, 
while that used to weave damask and thin silk has 1,200 teeth. Thread 
warp threads that have been sized onto each tooth and combine four 
threads into two warp yams. Gauze and yam have 3,200 warp threads 
while damask and silk have five or six thousand warp threads. In the 
books from ancient times, eighty warp threads is one sheng, the thick 
damask and thin silk nowadays is called cloth of sixty sheng. When 
weaving cloth with flower patterns, you must use silk produced in 
Jiaxing and Huzhou prefectures which is dried with heat into warp 
threads, which will not break off in the repeated lifting and shedding. 
Silk from other provinces might be used to make flower patterns, but 
using it wiU make inferior products. 
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Boiling 

The silk in the woven cloth is still raw silk, which needs boiling to 
turn it into boiled silk. The method is to boil it in raw silk in rice straw 
ash water to remove the impurities and then steep it overnight in a so¬ 
lution of lard soap (soap made of pig fat). If washed in hot water, the 
silk will be bright; if washed in ebony water, it will look a little dull. 
Use the silk of early silkworms as warp and use the silk of late silk¬ 
worms as weft and the product will be three liang lighter every ten 
Hang. If people use the good silk of early silkworms as both the warp 
and weft, it will become two liang lighter. Dry it under the sun and 
tighten it, then polish it thoroughly with the smooth hull of the mussel 
to make it brighter. 


Structure of a Draw-Loom 

The draw-loom frame is one zhang and six chi in total length. The 
upper part is called hualou or “figure tower”. In the middle is the 
qupan or “drawer board”, and a qujiao or “rigid rod” (which is made 
of 1,800 water-polished bamboo rods to a loom) hangs below. Dig a pit 
about two chi deep under the “figure tower” to hold the rigid rod (when 
the ground is damp, a frame of two chi high can be built to replace the pit). The 
apprentice sits on the frame of Hualou. At the end of the draw-loom, 
the warp beam winds the silk, and two wooden poles in the center of 
the draw-loom connect two beams about four chi long, with the ends 
plugging into the two ends of the reed. 

The shafts for weaving gauzes should be more than 10 jin lighter 
than the one used for weaving damask and thin silk. There are no 
figure patterns on the silk called plain gauze. For weaving soft thin 
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gauze or damask and pongee showing small, scattered designs, only two 
cross beams need to be added to the lighter loom used for weaving 
plain gauze. One weaver operating the loom with treadles is enough to 
finish the task; in this case no draw-boy is needed to man the “figure 
tower”, nor need the “drawer board” and “rigid rods” be set up. There 
are two parts of the weaving machine, with the front part lying level, 
the part from Hualou (figure tower) to weavers declining one chi or so. 
Thus increasing the force of the driving shafts. If weaving soft gauze to 
be used for scarves, a small loom of level surfaces should be used and 
the loom treadles are operated by the two feet of a seated weaver 
because the fine silk fibres for making scarfs may not withstand the 
force of the driving shafts. 

The Structure of a Waist-loom 

The draw-loom is not used when weaving silk fabrics like Hangxi 
and Luodi, light silk like Qingsu, or yam like silver and scarf; a waist 
loom is used instead. Weavers use a piece of cured leather placed to 
support their waist. As the force comes from the waist and lower spine, 
it is therefore called a waist-loom. When used to weave hemp and cot¬ 
ton cloth, the products look stronger, cleaner and brighter. However, 
the practice has not become widespread. 
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Making Figures according to Designs 

The artisan who makes figure designs for weaving have to be clever. 
The artist first paints the pattern and color of a fabric design on a piece 
of paper, then the artisan exams the fabric design, then figures out how 
to make it without any mistake. Hang the design on the “figure tower” 
of the drawloom. Even if the artisan doesn’t know what the figure will 
























































































































The waist-loom 
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look like, but follow the design and the figure will appear at last. The 
appearance of the figure in damask and thin silk depends on warp, 
while the appearance of figure of yam and gauze depends on weft. In 
the weaving of damasks and pongees, the warp is lifted at every pick of 
the shuttle, but in the case of gauzes it is lifted only at every other 
pick. The weaving skills of Vega in heaven have been mastered by 
skillful aritisans here in the country. 

Warping 

It takes four persons sitting alongside to pass each warp thread or 
yam through separate heddle-eye of the weaving harness. The man who 
passes the warp threads through the heddle-eyes holds the harness 
frame and waits for another person to pass silk to him. When the warp 
threads have been passed through the harness, they are held with two 
fingers until fifty to seventy warp threads are gathered. Then they are 
tied together. The secret of the tidiness of silk lies in the use of a bam¬ 
boo rod which separates silk. When a thread breaks, it only needs 
pulling out several cun longer, and it will go back to the former length 
after connection. This is the advantage of silk. 

Names of Silk Fabrics 

Silk fabrics like luo or gauze have little holes in it to let in the air 
for the sake of coolness. The key to this weaving lies in the “soft” 
harnesses made of strings. The loom has two harnesses, one is soft and 
the other is hard and each harness is operated by a cam-type level. Af¬ 
ter the shutde is passed three or five times, the two sets of warp 
yams are individually twisted together by raising the soft harness. The 
key to weaving yam also lies in the two cams. Remove the two cams 
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and use eight cross beams in weaving figured damask and pongee. 

Change the shuttle from hand to hand and you will get a kind of 
yam called crepe. With a single warp going up and down, you will get 
loudi; two warps going up and down together, you will get juandi; while 
if you pick up one warp every four warps, you will get lingdi. Silk fab¬ 
rics with figures can be divided into plain-weave, which is dark, and 
damask-weave, which is bright. Thick silk fabrics made by dyeing first 
are called satin. (The plain pongee in North China is also made in the 
same way.) Weave two shuttles of plain-weave and then one shuttle of 
soft harness, then lines of holes will appear; this kind of silk is called 
qiiduo. This kind of weaving dates from recent times. Qiuluo in Jiangsu 
and Zhejiang provinces and shiduo in Fujian and Guangdong Provinces 
are used to make costumes for high-ranking officials to wear in sum¬ 
mer, while the plain pongee is used to make clothes for provincial offi¬ 
cials of lower status. 
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Dragon Robes 

Emperors wear dragon robes. The factories producing dragon robes 
in the Ming Dynasty are located in Suzhou and Hangzhou. The hualou 
used to produce dragon robes is one zhang and five chi high. Two 
skillful weavers weave them according to the prepared figure design 
and the shape of the woven dragon changes after every few cun of 
weave. Dragon robes are not finished by a single person. The work is 
divided into several parts which are finished by different departments 
of the factory and combined together. The silk is dyed red and yellow; 
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the weaving equipment is the same as that used in ordinary weaving, 
but the manpower and cost will be scores of times more than those 
spent on common silk clothes. The subjects do so to show their respect 
to the emperors. It is difficult to know the minute details in the weav¬ 
ing of these robes. 


Satin 

The knowledge for making satin comes from Japan and has spread 
to China’s coastal areas like Zhangzhou and Quanzhou in Fujian 
Province. The raw materials for the silk come from Sichuan Province 
and are brought by merchants far away to exchange for pepper. The 
method for weaving this kind of satin also came from Japan. Dye silk 
first and use it as weft, then cut off copper wires and weave between 
warps; weave several cun of warp and scrape the fabric black. The 
Merchurian merchants in northeastern China like this fabric very much. 
However, because it gets stained easily, hats made of it collect dust 
quickly, and the collars of clothes made of it are worn out within sev¬ 
eral days. As a result, it is not popular nowadays. Since it is popular 
now and it is likely to become unwanted in the future there is no need 
to write down the method of weaving this satin. 




Cotton Fabrics 

People, noble or humble, all wear cotton clothing to keep warm in 
winter. In ancient books cotton is called male hemp and is planted 
everywhere. There are two species, tree cotton and cotton plant, whose 
flowers are either, white or purple. Ninety percent of the people plant 
white-flower cotton while ten percent of the people plant purple-flower 
cotton. Cotton is planted in the spring and it fructifies in the autumn. 
Cotton is not picked at the same time. As they are picked when each 
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ball matures and splits open, they are picked day by day. Cotton 
wadding and cotton seeds are inside the cotton bolls, which must be 
separated by a cotton gin. Bow the clean cotton fibres after the removal 
of the seeds. (Cotton at this stage is good for making quilts and clothes). Twist 
cotton that is on the board into long strips and weave these strips into 
cotton yams with the hand-operated spinning wheel. The resultant warp 
yams are wrapped on the loom beam and then interlaced with the weft 
yams to make fabrics. Master-hands hold three spindles, and weave 
yam onto them. (The cotton yam which is made too fast is not strong.) 

Cotton fabrics are produced ever5where in the country; however, 
the weaving skill in Songjiang Prefecture, and the sizing and dyeing in 
Wuhu are the best. The tightly woven fabric is strong and long-lasting, 
but it breaks easily when it is loosely woven. The best stone rollers 
used in sizing and dyeing come from cold and delicate textured stone 
in the north of the Yangtze River. (One piece of high-grade stone costs ten 
liang of silver. ) In the process of calendering, the stones will not get hot 
and the tightly woven fabrics wiU not become loose. Tlie dyeing houses 
in Wuhu use good stone rollers. Guangdong is the home of cotton cloth, 
but they use stone rollers from faraway places. They must have good 
reasons. When clothes need sizing, also thump them on such good 
stones. The weaving method in Korea is the same as that in China, but 
raw materials for cloth in the west are not clear, nor is the weaving 
method. The patterns used for the figure-weaving of cotton fabrics are 
“cloud”, “twill”, “elepheuit eye” and so on. These patterns are modeled 
on those used in the weaving of silk fabrics by the draw-loom. 
However, since the fabric is only made of cotton, a plain un-figured 
weave would be good enough. It is not necessary to give illustrations of 
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The cotton gin for separating fibres from seeds 































































































































Straightening and rolling bowed cotton fibers 






























































































The hand-operated spinning wheel 
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the loom for weaving cotton fabrics, because the loom is to be found in 
every ten families. 


Cotton Padding 

Almost all people use cotton to make cotton-padded coats and 
quilts to keep warm with an exception of one person out of a hundred 
who uses silk floss. After bowing the cotton, stuff it into the clothes or 
quilts according to their shapes. Newly-made clothes are light and 
warm to wear, but they will become hard and not so warm as time goes 
by. Take out the cotton and bow again the clothes and refill them 
again, the clothes will be as warm as the newly-made ones. 

Summer Clothing 

Ramie, known as chuma in China, is grown everywhere. There are 
two ways of planting, sowing the seeds and burying root cuttings. (Every 
year people in Chizhou cover the roots of ramie with a mixture of grass and manure. 
The roots will grow to the height of the manure covering. People in Guangdong 
Province grow piemarker by planting seeds in the field where it will flourish). Ramie 
is of two colors, green and yellow. Ramie can be harvested two or three 
times, and made into clothes to wear in summer as well as drapery. The 
ramie after being reeled had better be put out in the sun and dried; 
otherwise it will rot when it meets water. Dip ramie in water after 
tearing off its outer covering. But be sure to dip just for twenty 
quarters, that is to say, five hours, or it will become rotten if dipped too 
long. The color of ramie is light yellow and will become white after 
being bleached. (Ramie is first boiled in rice straw ash water or lime water and 
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then it is rinsed in flowing water; it turns white when it is dried in the sun). Skillful 
workers operate weaving machines with their feet for spinning ramie 
yams. In this way a female worker can produce in one day as much 
yam as that produced by three workers who do the work with hand 
spindles. However, one can only reel and get foiu* or five zhu of fibre. 
The machine used to weave ramie is the same as that for weaving 
cotton. Threads used to sew clothes and make leather shoes are all 
made of ramie. 

There is a similar species called Ge plant, a creeper plant, whose 
fibres are several chi longer than dose of the ramie. Cloth made of the 
tiny fibre of this plant is expensive. There is still another kind called 
qingma (piemaiker), the cloth made of which is coarse; the coarsest is 
used to make mourning dresses. Cloth made of ramie can be coarse, 
too. Painters usually dip it in ash and polish lacquer work while it is 
used for torches in palaces. There is also another kind, called Jiao yam 
which is made from the skin of plantains. It is so tiny that it is not 
strong enough to make clothes and thus is not valuable. 
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Furs 

All clothes made of furs are called fiir coats. Their prices are dif¬ 
ferent, from the expensive clothes made of sable furs and fox furs to 
cheap clothes made of sheepskin and deerskin. Sables are found in 
Jianzhou area, north of the Great Wall in Liaodong and in Korea as 
well. They are fond of pine nuts. The native hunters, in the area where 
the Manchurians live, await secretly under pine trees in order to shoot 
sables at night. The skin of one sable’s fiu* is less than one square chi 
in size, so that over sixty sableskins can only make one fur coat or 
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garment. Wearing such clothes outside in a snowy and windy day, one 
feels as warm as staying indoors. If dust or sand gets into your eyes, 
you can remove it quickly by using the sable. This is the reason why it 
is very expensive. Sable furs are of three colors: one is white, called 
silver sable; another is net black; and the third is dark yellow. (Recently, 
a hat made of long-haired black sable costs fifty liang of silver.) Foxes and badgers 
also live in Hebei, Shandong, Liaoning, Henan and other places in 
northern China. Pure white coats made of the fox’s underarm fur are 
almost as expensive as those made from sable. A brown fox fur coat 
costs one fifth that of the sable, but it is warmer than the coat made of 
sables. The fox’s skin in northern China beyond Shanhaiguan (which is 
the dividing line between the northeastern part of the country and the rest of the island 
arreas) is black, while the fox’s skin inland is white. This method can 
be used to tell the superior fur horn the inferior fur. 

Coats made of the skin of the mother sheep are a little cheaper 
than those made of the lamb. An unborn lamb (which has just grown hair) 
is called an “unborn sheep”; a lamb that is just bom is called “baby 
lamb” (with its hair as curly as the ends of earrings). A three-month-old lamb is 
called “running sheep”, while a seven-month-old lamb is called “walk¬ 
ing lamb” (Their hair gradually becomes straight). Coats made of the skins of 
cell sheep and baby sheep don’t have a sheep odor. In ancient times, 
the skins of baby sheep were used to make clothes for officials. Nowa¬ 
days even officials in northwestern China like them, too. The skins of 
old sheep are cured and made into heavy coats or garments that are 
worn by the lower classes; however, they are all made of the skins of 
sheep. The skins of sheep in the south are as thin as paper after the 
removal of hair and treatment in Glauber’s salt. These skins can only 
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be used to make lanterns. People who wear sheep coats get used to the 
odor, but people in the south are not used to it, and can not bear the 
odor. Since it is warm in the south, fur coats are not needed. 

Deerskin can be used to make coats and trousers after the removal 
of hair and treatment in Glauber’s salt. Such coats are warm and 
suitable to wear, and it is better to make shoes or socks with it. Deer¬ 
skin is also produced in Guangdong, Hunan and Hubei provinces in 
the Central Plains of China. Wanghua Mountain is the place for ex¬ 
changing deerskin. Another property of deerskin is that it wards off 
scorpions. Besides making clothes, people in North China also cut it 
into strips and use them as borders for bed coverings, which naturally 
keep scorpions away. The fiir texture of the tiger and leopard furs is the 
most beautiful; army generals usually use them to make outfits for bat¬ 
tles. The skins of pig and dog are the cheapest and labourers use them 
to make shoes. Minority tribes in the northwest areas like otter, and 
they inlay collars of fur coats with it. The Xianghuang sub-group of the 
Manchurian ethni people in Northeast China hunt otters diligently and 
sell tlem to faraway places and they make considerable profits. There 
are various kinds of rare furs in different places such as the fur of 
Phinopithecus roxellanae can be used to make hats for emperors and 
the fur of filix lynx can be used to make gowns for emperors. These two 
kinds of animals are not found in the Central Plains. The above is a 
general description of the animal furs that have been used for clothing, 
not counting the numerous varieties of local products. Among fowls, the 
soft down on the belly of eagles and underarms of swallows can be 
used to make clothes. But making one coat requires a great number of 
these animals, and the resulting cloth is called velvet. How could one 
have the heart to wear such a coat? 
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Woolens and Felt 


There are two kinds of sheep. One is called coir raincoat sheep. 
Shear the sheep and the wool can be made into felt. It is the raw 
material of woolen hats and socks everywhere. In ancient times, before 
sheep in the northwest were introduced into the Central Plains, people 
of the lower classes also made clothes with wool from these sheep. AU 
felt is coarse. Felt nowadays is made of this kind of wool too. A large 
number of these sheap are raised in the areas north of Xuzhou and the 
Huaihe River. In the south, sheep are only raised in Huzhou. People 
the sheer these sheep three times a year, (the hair is summer in sparse as no 
new hair grows.) The wool sheared from a sheep can be used to make 
three pairs of woolen socks. Male sheep mate with female sheep and 
they can produce two sheep at a time, so one family in the north which 
raises hundreds of sheep can get a hundred liang of silver a year. 

The other kind of sheep is called Yule sheep. At the end of the 
Tang Dynasty, they were introduced from the northwest. The outer hair 
of the sheep is not very long, but their inner hair is fine and soft, which 
can be used to make fluffy cloth. People in Shanxi Province call them 
goats to distinguish them from the sheep. The goats were first intro¬ 
duced to Lintao, but they are mostly raised in Lanzhou. As all fuzzy 
cloth comes from Lanzhou, it is called “Lanzhou Wool”. The fine hair 
of the goats can be divided into two types: one is “combed wool” which 
is combed down from the sheep. The cloth made of it is called serge, 
twill and so on. The other kind is called “picked wool”. It is the finest 
and obtained by hand-picking it one by one. Cloth made of it feels as 
fine and smooth as silk. One can only get one qian (a unit of weight, 
equal to 1/10 liang) of thread from the hair picked each day, and can 
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only get one bolt of cloth made of it each half a year. The amount of 
the “combed wool” that can be spun in a day is several times that of 
the “picked wool”. Use lead as a hammer and hang the hammer at one 
end of the thread, turn it with two hands and twine it into wool threads. 

The loom for weaving wool fabrics is larger than the cotton looms. 
Eight cross beams are employed on a wool loom; the wool yams are 
placed on the warp beam and passed through their respective harness 
slots. The harness is lifted by stamping the four treadles under the 
frame. This is to separate the warp yams over two weft yams. The 
result is that a diagonal pattern is created across the face of the finished 
fabric. The shuttle of the machine is one chi and two cun long. The 
machine and sheep were all introduced by the minority people from 
Xinjiang, so the weavers are all members of this minority group. Few 
inlanders take part in this work. Coarse hair sheared horn the sheep is 
used to make felt, while the fine ones are used to make fuzzy cloth. 
When felt is made, put the wool into boiling water until it becomes 
agglutinative; spread it on a wooden board of a certain size; and press 
it with a shaft. The tme colors of felt are black and white; the others 
are dyed. Quyu blankets, and puiu blankets fix)m Tibet and the like are 
all named according to the dialects in those places. The coarsest kinds 
of blankets are made with horsehair and shoddily mixed with sheep ’ s 
wool. 


o d 




0) 

O 
o 

13 
(Q 

O m 

li 

I" 



209 


m m M ^ 


[ji*] 

m^B, n^m, i&m^. m. «. mwmmm, 

A^^-. ffl4«7Ki>({ii, m 

^miffHo mm^ik, few«fi„ 


I 4 ^m] 

AA^S'itit^r^AAM ^'lfdm^‘<>'4r^K 

^AkLiL, i;^-l6#, 

A,!n^AAA)k&, 

^?fc|L-S--^>5t.#, A#40ito 



Chapter 7 


Dyes 

Songzi says that clouds in the sky are colorful, and flowers and 
leaves on the ground are of various shapes. The sages in ancient times 
copied the color in nature; they dyed clothes various colors, such as 
green, yellow, red, white and black with dyes and wore them. Emperor 
Shun did this on purpose. Among the many birds, the red color of 
phoenix is the most dazzling; among all the beasts the green of the uni¬ 
corn—a mythical homed beast is the most special. So many common 
people wear black clothes; they admire and respect the noble in royal 
palace who wear yellow and red clothes. Junzi once said, “The bland 
will absorb a mixture of tastes, and the white will absorb the rainbow 
colors.” All the silk, hemp, fur and woolen stuffs are naturally plain, so 
they can be dyed different colors which make them valuable. This is 
the elaborate arrangement of nature. 

Dyestuff Needed to Dye Various Colors 

Raw materials are just safflower (Carthamus tinctorius) cakes. 
Cook it in smoked plum water and wash it several times in alkali water. 
Alkali water can be replaced by rice straw ash water. The color will be 
very bright after washing. To save money, some dyeing houses dye 
cloth in smoked tree (Cotinus coggygria) water first, as a base, and 
then dip the cloth into safflower water. Safflower, eaglewood and musk 
can not be placed together. Store red clothes and these spices together, 
the red will disappear within a month. Wet the dyed red silk and drip 
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ten drops of alkali water or rice straw ash water, and the red color will 
fade away to the original color. This liquid is stored in green lentil flour 
and can be released again for dyeing with no loss. Information about 
this process is not obtainable from dyers, who regard it as a trade secret. 

The raw material used to dye lotus pink, peach-blossom pink, sil¬ 
ver pink and clear pale pink is also safflower cakes. The shade of color 
depends on the amount of dye. These colors will not show on yellow 
silk; therefore, white silk must be used. 

Dye for wood red is made by boiling sapanwood in water, with 
gallnuts and alum added. 

Purple is achieved by using sapanwood as a base, then dyeing a- 
gain with green vitriol. 

The method for dyeing earth brown is not clear. 

Canary yellow is dyed first with the aqueous solution of boiled 
yellow berberine wood and then soaked in the indigo water. 

Golden yellow is achieved first by dyeing with the aqueous solu¬ 
tion of boiled Venetian sumach wood, followed by shampooing with the 
alkaline solution of water-leached hemp ash. 

Tea brown is dyed with the aqueous solution of boiled lotus-seed 
shells and then rinsed with the aqueous solution of green vitriol. 

Dark green is gotten first with the juice of boiled pagodatree flow¬ 
er and next soaked in indigo solution. Alum is used as a mordant for 
both the light and darker shades of this color. 

Bright green is dyed first with the liquid of boded yellow berber¬ 
ine and then soaked in indigo solution. Nowadays there is a shade 
called bright grassgreen, which is gotten by using the liquid of boiled 
small-leafed Polygonum tinctorium plant after dyeing with yellow 
berberine; this brings about a very brilliant blue. 
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Light green is slightly dyed with pagodatree flower liquid and 
soaked in green vitriol solution. 

Deep sky blue can be gotten from first dyeing the material lightly 
in a vat of indigo and then washing with sapanwood solution. 

Grape blue is obtained by dyeing the material in a vat of indigo 
and then washing it with concentrated sapanwood solution. 

Egg-shell blue is gotten by first dyeing the cloth with yellow 
berberine solution then soaking it in indigo vats. 

Peacock blue and sky blue are dyed with indigo, the difference 
being only one of shade. 

Black is first dyed a deep blue with indigo water then soaked in 
the liquids of boiled Venetian sumach wood and afterwards in those of 
boiled myricaceae bark. According to another method, the tender indigo 
leaves are first soaked in water; next, green vitriol and gallnuts are 
added, and with the cloth are soaked together in this liquid. Cloth dyed 
in this fashion, however, will deteriorate rapidly. 

Pale blue and light blue are both obtained by dyeing slightly in an 
aqueous solution of indigo. A new method nowadays consists of dyeing 
in the slightly boiled liquid of Polygonum tinctorium. 

Ivory color is obtained by dyeing slightly in the liquid of Venetian 
sumach, or in an aquaeous solution of yellow earth. 

Mauve is dyed first in a dilute sapanwood solution, followed by 
soaking in the dilute liquids of lotus-seed shells and of blue vitriol, re¬ 
spectively. 

The dyeing of black kerchiefs. This black color is not obtained 
from indigo. The material to be dyed is first boiled for a day in a mix¬ 
ture of water and acorn shells or lotus-seed shells, and strained off; and 
is then boiled for one night in a pot containing the aqueous solution of 
iron ore and green vitriol. This results in a deep black color. 
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Dyeing of navy-blue cloth. For many centuries Wuhu was famous 
for its dark blue cloth. Its blue sheen, a result of this locality * s starch¬ 
ing and smoothing process, was highly valued by peoples of countries 
far and near. Yet it is human nature that people grow finally tired of 
this material because they have been using it for such a long time, 
therefore a method for dyeing the navy-blue color has been developed 
in recent times. This new method can be described as follows: the 
Songjiang cloth of superior quality is first dyed a dark blue and is dried 
in the air without the starching and smoothing treatments. Next rinse 
the cloth in an aqueous solution of glue and bean milk. Then dye the 
cloth slightly in a vat of the highest grade of indigo called “standard 
vat”. Thus the finished product will show a red iridescence, and it has 
become much valued. 


Indigo 

There are five kinds of indigo plants, aU of which yield indigo. 
Isatis tinctoria can grow once its root is inserted into the soil. However, 
Polygonum tinctorium, Acanthaceous indigo and Indigofera tinctoria 
can only grow by planting seeds. There is another kind of blue, called 
“Pigweed md^go^^Amarantaceae tintorium) , which is a better kind. 

The way to grow Isatis tinctoria to make indigo is like this: harvest 
it in October of the Chinese lunar calendar, pick off leaves on it one by 
one and put them in pits. Cut off the upper and lower parts of the re¬ 
maining stalk, only leaving several cun close to the root. Bury it in the 
ground after drying it ofi* in the sun. Bum the grass in the mountains 
the following spring to make the soil fertile and loose; dig a slant hole 
with a hoe (This hoe is about eight inches in length with a curved head.) and in- 
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sert the remaining part of the indigo into it. The root will grow leaves. 
Others are grown by planting seeds in the garden. Seedlings appear at 
the end of spring; pick seeds in June and make indigo in July of Chi¬ 
nese lunar calendar. 

In making indigo, if there are many leaves and stems, put them in 
pits; if there are few, put them in a bucket or jar. Dip them in water for 
seven days, and blue liquid will appear naturally. Put five sheng of 
lime in each one dan of solution; stir the mixture ten times or so, and 
indigo will form in a short time. Indigo will sink to the bottom after the 
stirring stops. Most of the indigo produced recendy is made from Isatis 
tinctoria planted all over the mountains in Fujian Province; the amount 
is over several times as much as the sum of the other four kinds of in¬ 
digo. People put Isatis tinctoria in bamboo baskets and ship it to other 
places for sale. Take out froth and dry it in the sun, and this is called 
Indigo naturalis. Indigo in a jar must be mixed with rice stalk ash wa¬ 
ter first, and stirred many times a day with a bamboo stick. 
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Safflower 

Safflower is grown by seeds. Plant seeds in the garden at the end 
of February according to the Chinese lunar calendar. If seeds are 
planted too early, the seedlings will be eaten by insects like black ants 
when the young plants are a chi high, and they will die. Safflower 
planted in fertile soil can grow to two or three chi high. Stakes should 
be fixed along each row and strings tied across them, in order to pre¬ 
vent the plants from being broken by strong winds. When the soil is not 
fertile, the plants will only grow to less than one and a half chL It is 
not necessary to pitch stakes in that case. 
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SafQower begins to bloom in early summer. It is a ball-like thorny 
flower bulb at the bottom of a flower. Flower pickers must pick the 
flowers early in the morning when they have dew on them. If the sun 
has risen, and dew is gone, the flowers will close. When it is rainy in 
the morning and there is no dew, the flowers will bloom a little later. 
Because there is no sun, it is all right to pick late. Safflowers bloom 
day after day; it will continue to bloom every day for a whole month. It 
is not necessary to squeeze the flowers into cakes when they are used 
to make medicines. If used in dye houses, safflower must be squeezed 
into cakes for use. When they are cakes, yellow water in it will be 
completely removed, and the true red color will appear. The seeds of 
safQower can be pressed for oil. A silver-leafed fan will turn golden af¬ 
ter having been brushed with this oil and dried over a fire. 

The Making of Safflower Cakes 

First the safflower blossoms are picked when they are still with 
dew, and are thoroughly pounded. Then the pounded mass is put into a 
cloth sack and washed in water and squeezed to remove the yellow 
matter. After that the mass is taken out of the sack and pounded again. 
And it is put in the bag and washed with soured water, which is used 
to wash millet or rice, and finally it is squeezed to remove the yellow 
matter. Then this solid residue is covered with branches A rtimisia 
apiacea for one night, after which it is made into cakes, dried in the 
shade, and stored. When dyers know the correct method of making saf¬ 
flower cakes, bright red can be obtained, known as scarlet (safflower 
cakes are also necessary in dyeing red paper for ceremonies; otherwise the color would 
not be bright). 
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Supplement: Rouge and Pagodatree Flower 

Among raw materials used to make rouge in ancient times, Bengal 
kino which was used to dye silk is the best, with safQower juice or 
mountain pomegranate flowers next to it. Recently, people in Jining of 
Shandong Province use the leftover of safflower as rouge. This is very 
cheap. The dry leftover safflower is called purple powder. Calligraphers 
and artists use it; however, dyeing houses just throw it away consider¬ 
ing it as waste. 

Pagodatree Flower. It will take more than ten years before pago- 
datrees bloom and bear fruit. The immature, unopened flowers are 
called pagoda tree flower buds, which is a necessary ingredient in dye¬ 
ing cloth green, just as safflower is in dyeing it red. To gather the buds, 
bamboo mats are spread closely under the tree to receive them. The 
buds are then boiled once in water, strained, and squeezed into cakes; 
they are now ready for use by dyeing houses. Flowers that have 
bloomed will gradually turn yellow. After being gathered they are 
mixed with a little lime, dried in the sun, and stored for use. 
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Songzi says that people are classified into ten classes ranging from 
noble kings and dukes to sedan chair bearers, without any of whom the 
hierarchy will not be established. In a similar manner, the earth pro¬ 
duces different metals for the benefits of all the human beings. The 
precious metals are found once in a thousand li or at least five hundred 
li. The less valuable metals can be easily found even in places that are 
inaccessible to boats or carts. The value of top-grade gold is 16,000 
times than that of black iron. However, if there are no iron boilers and 
iron axes used in daily lives even valuable gold will not be beneficial 
to human beings. The livelihood of all depends on the trading of what 
the people have for what they have not, as provided in the chapter on 
goods and exchange in The Rites of Zhou, Then who was the first one 
to judge metals ’ qualities and their values which make them the neces¬ 
sities forever? 



Gold 

Gk)ld is the highest in value among all the metals and will never 
change its quality after the melting and shaping processes. Silver, on 
the other hand, though it does not have any loss when melted in the 
forge, requires that the final blow of the bellows be struck at the right 
time, when the silver will flash its gleam once; thereafter it will not ap¬ 
pear again despite continued use of the bellows. The stronger the fire. 
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the more the gleam emerges. This is the reason why gold is so rare. 
Gold is produced in over a hundred places in China. Among the gold 
produced from the mines in mountains, the larger pieces are called 
“horse-shoe gold”, the medium “olive gold”, or “pendant gold”, and 
the small ones “melon-seed gold”. Of the gold obtained from water and 
sand, the large pieces are called “ dog-head gold” and the small 
“wheat-husk gold” or “chaff gold”. The gold obtained by underground 
mining is called “sand-powder gold”, but the larger size is known as 
“bean gold”. All these varieties of gold need to be washed and smelted 
before they can be made into nuggets. 

Most gold is produced in Southwest China. The miners dig tunnels 
of over ten zhang deep into the hillside. Gold is usually found protected 
by some particular stones, which are brown, one end having a charred 
appearance. The placer gold is mostly in the Jinsha River (called Li Shui 
in ancient times) in Yunnan Province which rises in Tubo (Tibet), flows 
through the YongSheng. The river twists for more than five hundred IL 
Additionally, gold can be found by panning in rivers of Tongchuan in 
the north of Sichuan Province, Yuanling and Xupu of Huguang (Hu¬ 
nan) Province. Only one big piece of gold called “mother gold” can be 
obtained in the panning processes after thousands of times. The rest 
look like wheat chaff. 

After being smelted in furnaces, gold, shortly after being taken 
out, looks buff, but it will turn reddish after being smelted again. In 
Danzhou and Yazhou there are gold mines where gold is mixed in the 
sand and is easily found without deep digging. The gold will be ex¬ 
hausted if frequent digging is continued; gold becomes limited after 
years of digging. In the caves in the minority areas south of Wuling 
Mountains, however, the gold, shortly after mining, looks like black 
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iron powder. It is obtained from under the black carbonaceous stones in 
pits several dozen-zhang deep in the earth. This gold at first is soft to 
the bite. Sometimes the miners steal this kind of gold by swallowing it, 
which does not do any harm to them. In such areas as Shangcai and 
Gong counties of Henan Province, Leping and Xinjian of Jiangxi 
Province, gold is obtained by washing and smelting fine sand which has 
been mined from the deep shafts dug into the ground. This method, 
however, takes too much manpower while the gold obtained is not 
worth much. Generally speaking, there must be an area producing gold 
every thousand li in China. It is recorded in the book ^*Ling Biao Lu 
Yi' that the people in Guangdong washed goose and duck droppings 
for gold flakes and bits, some getting one Hang in a day and others 
none. This is probably not true. 

Gold is a heavy metal. If a piece of one square cun copper weighs 
one liang^ a piece of silver of the same size will be 3 qian heavier. If a 
piece of one square cun silver weighs one Hang , gold of the same size 
will be 2 qian heavier. Gold is as soft as willow twigs. Gold with purity 
of 70 per cent looks black, 80 per cent yeUow, 90 per cent purple and 
100 percent red. This can be easily determined by placing the gold up¬ 
on a “gold-testing stone ” (These kinds of stones can be easily found in the 
rivers of Guangxin Prefecture of Jiangxi. Their sizes range from a dou rice-measuring 
vessels to a human fist. They will become as dark as lacquer after being boiled in goose 
soup). Only silver, no other metals , can be mixed with pure gold for 
forging. In order to separate gold from silver, cut the gold into slices 
and cut these slices into pieces. Wrap every piece with clay before 
putting it into a crucible and melting it in borax. In this way, the silver 
mixed with the gold will be absorbed into the clay, and the pure gold 
will be separated. Put the clay together with a little lead into another 
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crucible and melt it. Then the silver will be separated without any loss. 

Gold looks gorgeous and noble so it is stricken into gold foil for 
decoration. Every seven fen of gold can be stricken into 1,000 pieces of 
gold foil of one square cun which can be used to stick onto the surface 
of an object covering the area of nine square chi. In the process of 
making gold foils, strike the gold into slices and then wrap them with 
black gold paper before striking them hard with pestles (which have short 
handles and weigh about eight jin) This kind of paper is produced in Suzhou 
and Hangzhou with tie fibres of grand bamboos from Donghai. Light a 
lamp with bean oil and cover the lamp, leaving only a blowhole as big 
as an eyelet. The paper is smoked with the lamp into the black gold 
paper. Every piece of paper can be thrown away after being stricken 
fifty times by the pestles. This discarded paper can still be used to 
wrap cinnabar in herbal medicine shops without any damage. This rare 
stuff is produced all by human hands. 

Cover a small square cat leather board tanned with Glauber’s salt 
and dredged with incense ashes with gold foil stricken in black gold 
paper. Then draw a square of one sq. cun with a blunt knife. The 
craftsman should hold his breath when he is picking up a piece of gold 
foil with a light stick wetted with his saliva and is clipping the foil be¬ 
tween small pieces of paper. Apply the lacquer onto the surface before 
sticking gold foil onto it. In Shaanxi province, the people make “leather 
gold” by affixing gold leaves to sheepskin cured to an extreme thin¬ 
ness, so that it can be cut and made into articles of clothing or orna¬ 
ment, all of which gleam with golden splendor. When articles coated 
with gold leaves become worn, the gold should be scraped off and 
burnt, so that the gold is preserved in the ashes. A few drops of clear 
oil can be added to the ash for settling the gold, which is then re- 
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claimed through washing and smelting. 

Make articles which look golden as follows: use silver foil as base, 
on which safflower seed oil is painted and then heated near a fire. In 
Guangdong Province, the articles are painted with a liquid by soaking 
the skins of cicadas in water, and then held briefly over a fire. Howev¬ 
er, these are not the true color of gold. Dye the light golden articles 
made of gold of low purity with yellow alum and then boil them with a 
charcoal fire so that they will soon present the color of pure gold. After 
a long time, however, the color will fade because of a certain amount of 
exposure. They will change to the original color after reheating. (For yel¬ 
low vitriol, see Chapter 11.) 


Silver 

Silver deposits are found in many provinces of China. Some mines 
in Zhejiang and Fujian provinces, for example, were still yielding up to 
the early years of the era of the Ming Dynasty; though some others were 
shut down. There are also silver mines in Raozhou, Guangxin and 
Ruizhou in Jiangxi Province, but they are not being mined. Other rich 
mines are found in Chenzhou in Hunan province, Tongren in Guizhou 
Province, Zhaobaoshan, Qiushupo, Gaoju’er and Macaoshan in Henan 
Province, Mileshan in Sichuan province, and Dahuangshan in Gansu 
Province, together with others which can not be all enumerated. But 
none of these are operating on a scale that is large enough to yield a 
profit. As a matter of fact, the production is often even not enough to 
compensate for duties, taxes or charges of many other kinds. Riots re¬ 
sulting from thefts would ensue if the mining laws are not strict. There¬ 
fore, unrelenting enforcement of prohibitions of mining laws has been 
necessary. In the cold provinces such as Hebei and Shandong, where 
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deposits are sparse, neither gold nor silver is mined. Now, the yields of 
silver from the above-mentioned eight provinces put together are less 
than half as much as that from Yunnan province, which is why sus¬ 
tained mining and smelting are possible there. 

Of all the silver mines in Yunan Province, those in Chuxiong, 
Yongchang, and Dali rank the first, followed by those in Qujing and 
Yao ’an; and lastly by those in Zhenyuan. The silver ore is usually 
found in stone caves, veined like branches and twigs with grayish par¬ 
ticles of rock piled up on the top. It takes 10 to 20 zhang of digging 
and a lot of months before these branch-patterned ores can be extracted 
from the depths of the earth. Mining is done with each miner digging 
where a branch of the vein leads. Tunnels are propped up by wood 
boards to prevent cave-in. Miners dig their way in under lamp lights 
until they get the ores. Yellowish gravel or patterns in the cracks of the 
rock and earth that resembles entangled and twisted filaments are the 
usual indicators that tell them they are not far from what they are work¬ 
ing for. 

Silver ore that is rich enough to be commercially valuable is 
called jiao (reef or lode); the crushed ore is called sha (gravel), ore that 
has branch-like markings on its surface is called kuang (argentite -Ag2S) 
and is usually surrounded by valueless boulders. The size of the boul¬ 
ders varies from that of a fist to a dou. The lode and gravel ore have 
the appearance of rocks beneath a coal seam but are not very dark in 
color. Ores are graded. ( Grading is done at government agencies and taxes are 
levied according to the grading.) Excavated ores go to ore processors. High- 
grade ores yield 6 to 7 Hang of silver per dou; less fine ones 3 to 4 
Hang; and the lowest-grade ones only 1 or 2 Hang (the shining ores are of 
very low grade and yield very little silver). 
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Smelting silver ore 
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Unwanted particles in silver ore should be washed off before the 
ore is put in an earthen furnace. The kiln sits on a five-c/w‘-tall earthen 
base. The bottom of the kiln is covered with crushed porcelain and 
charcoal. A typical oven has room for two dan of ore. It is then sur¬ 
rounded by a pile of chestnut wood to sustain the fire with. A brick 
wall, one zhang tall and one zhang long, is built at the back of the 
oven, behind which is a set of bellows. Two to three men work the bel¬ 
lows to blow air into the oven, which is why the wall needs to be built: 
to protect them from the heat. A long iron shaft with a loop on one end 
is used to collect bumt-out charcoal from the oven and refill it. The ore 
melts down to approximately 100 jin of lead-silver alloy lumps when 
the oven is adequately ventilated and heated. 

The molten lumps are allowed to cool before they are taken out of 
the oven. They are then put into the separator (nicknamed toad oven). Pine 
wood charcoal is laid against the walls inside the separator, which has 
an opening through which the workers observes the fire. Air is blown or 
fanned into the oven until the temperature is right for the lead to sink 
(the litharge lead formed on the bottom of the furnace can be reconverted into lead by 
treating it in another furnace). Meanwhile, willow twigs are extended into the 
furnace every now and then to help the fire until the silver is all sepa¬ 
rated from the lead. The silver extracted this way is called raw silver. 
Smelting is required one more time when crude silver congeals into 
smooth-surfaced blocks. A second smelting gives the silver a round 
spot on its surface, which the Yunnanese call chajing. After that, a lit¬ 
tle copper is added to the silver and lead is used to help smelt the sil¬ 
ver a third time. Molten silver is then poured into a mold to obtain the 
fine-ribbed pattern on its surface. Silver ore mined in Chuxiong of 
Yunnan province is different. The lead content in the ore is so low that 
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the lead has to be bought from other provinces to be mixed with the ore 
for processing. For every hundred jin of ore, 200 jin of lead is placed 
on the bottom of the kiln. This lead is melted down and mixed with the 
molten ore. The mixture is then put into a separating oven for the lead 
to settle and removed from the silver in the same way as described 
above. This is how silver is extracted from ore and there is no other 
way. The baseless conjectures and annotations in the alchemists’ and 
naturalists’ books are therefore very objectionable indeed. 

We gain a glimpse of Nature’s way in the fact that gold and silver 
aren’t found within 300 li of each other. As to the “panned particles” 
obtained by the laborers who wash the sweepings of dust and rubbish 
with water and then refine them with fire, thus getting between 3 and 6 
fen oi silver after spending a day at it, they are in fact the bits sheared 
off scissors and axes, stuck to the bottoms of shoes and thence mixed 
with dust and are found in street or household sweeping or in refuse 
along river banks. Silver isn’t produced in the surface layer of the 
earth. 

There is only one way of counterfeiting in silver production, and 
that is by mixing red copper and lead with silver. Unwanted elements 
can be removed by melting down the impure silver in a crucible to¬ 
gether with saltpeter. This allows copper and lead to deposit at the bot¬ 
tom. Place the copper, lead and silver mixed with lead in the furnace. 
Put charcoal in the earthen furnace to break down the three elements. 
The lead melts first and flows down to the bottom. The copper and sil¬ 
ver stay together on top. Use an iron stick to separate the silver from 
the copper. Both the force of nature and force of man have a part to 
play in obtaining silver. 
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Separating lead from silver 
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Supplement: Cinnabar Silver 

Dishonest alchemists use the furnace to counterfeit cinnabar silver 
to deceive other people. They put equal shares of lead, cinnabar and 
silver into a crucible and seal it up. After they are heated for twenty- 
one days, the cinnabar absorbs something from the silver and becomes 
the so-called silver. The cinnabar just looks like silver, yet it is not the 
silver obtained from nature. If lead is heated together with cinnabar, 
cinnabar becomes lighter. However, if it is heated several times, it dis¬ 
appears. Greedy people waste cinnabar and charcoal, and they don’t 
know why. 


Copper 

Copper, whether obtained from mining or from the smelting pro¬ 
cess, is in the category of red copper. Mix copper with smithsonite or 
zinc, and brass is formed; with arsenic and other drugs, white copper; 
with alum and niter, blue (or aluminum) bronze; with tin from South Chi¬ 
na, bronze; with zinc, casting brass. All these alloys are derived from 
red copper. 

Copper mines are found everywhere. According to Shanhaijing, 
there were 467 copper-producing mountains in China. This is probably 
true. Most of the commercially mined copper is from Sichuan and 
Guizhou provinces. In Southeast China, the domestic supply is supple¬ 
mented by imports from abroad transported by sea vessels. Copper is 
also mined in Wuchang, Huguang and Guangxin, Jiangxi. Low-content 
ore from Hengzhou and Ruizhou is also used, but it is only added to 
the richer ore for smelting and is never processed alone for hard cop- 
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Where there is copper in a mountain, the eeirth’s surface is often 
covered by a mixture of dirt and stones. The ore is mined through a 
shaft several zhang deep. The run‘“of-the‘~mine copper ore is encased 
in boulders shaped like ginger-root. Specks of copper are also present 
in these boulders, unlike those found around silver ore, and can also be 
smelted for copper. The copper ores within the boulders are of various 
sizes and shapes—some shiny, some dull, some resemble brass, while 
others are like ginger-shaped iron. Copper ore is washed to eliminate 
earth particles before it is smelted. When it is heated in the fur¬ 
nace, what melts and flows out is the natural copper or stone marrow 
lead. 

There are different kinds of copper ores. Some do not contain lead 
or silver and are easy to smelt. In other ores, copper is bonded with 
lead. These ores are fed into a furnace with two openings in the side, 
one above the other. Molten lead comes out of the higher opening at 
lower temperatures before copper melts and is collected from the lower 
opening. Japan produces an ore that contains both copper and silver. 
During the smelting process, copper melts and settles on the bottom of 
the furnace, while silver rests on the top of the molten material. The 
Japanese copper ore is imported to China in the shape of rectangular 
sheets. The imported copper is often reprocessed in Zhangzhou in Fu¬ 
jian Province to obtain the silver in it. Then the smelters shape the re¬ 
processed copper into thin cakes and sell them just as they sell the 
Sichuan-made copper. 

To convert copper into brass, one hundred jin of “self-bellowing 
coal.” is used (this kind of coal is found in powder form and is made into “coal 
cakes” by mixing it with some mud. They can bum all day without the use of a bellow. 
It is made in Yuanzhou Prefecture and Xinyu Country in Jiangxi province). Put ten 
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jin of copper in an earthen pot and add six jin of smithsonite and then 
put them into the furnace. The copper will melt. Smithsonite, in the 
process of disintegration, evaporates away, so zinc is used to replace 
smithsonite. Six jin of copper, with four jin of zinc, are put into an 
earthen pot to smelt. The copper turns into brass after cooling and peo¬ 
ple can make various kinds of utensils with this kind of brass. 

To make bronze musical instruments with copper, copper is smelt¬ 
ed together with lead-free tin produced in Guangdong and Guangxi. 
The ratio between copper and tin varies depending on what instruments 
are made. For bronze bells, for example, it is eight to two. More refined 
ingredients are required for making such musical instruments as nao. 
In casting bronze instruments, the percentages of bronze and tin should 
be equal. The best-quality products require copper that has gone 
through three to four smelting procedures and is mixed with zinc to the 
ratio seven to three. 

Forging involves mixing copper with silver. Silver never combines 
with zinc, arsenic or vitriol, but it does combine with copper. In this 
case, silver loses its bright luster and turns red. Melting the mixture 
helps separate copper from silver. 

Supplement: Zinc 

Zinc (also called Japanese lead) is a recent-coined word that was not 
recorded in ancient books. It is extracted from calamine. The Taihang- 
shan Mountains in Shanxi Province is the top producer of zinc, followed 
by Jingzhou and Hengzhou. To produce zinc, put ten jin of calamine in 
an earthen jar. Seal it tightly with mud and smooth the exterior. The jar 
is then allowed to dry. Caution must be taken to keep it away from fire 
lest the heat cracks the mud exterior. When the jars are ready, coal 
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Ploughing up pieces of iron ore 
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cakes together with firewood are piled up underneath them to make a 
fire. The molten material inside the jars is allowed to cool for the zinc 
to take shape. The jars are then broken in order to get the metal out. 
Every ten jin of calamine produces eight jin of zinc. This metal is easi¬ 
ly burnt off by fire if not mixed with copper. Because it is similar to 
lead, yet fiercer in nature, so it is called zinc. 


Iron 

Iron deposits are found everywhere in near-to-surface depths and 
south-facing slopes of highlands and are never buried deep in elevated 
rocky mountains. Iron ore comes in lumps and the ganular form. The 
ore lumps can be found right on the surface of the soil and has a shape 
resembling the sliding weight of a steelyard. The lumps look like iron, 
but will disintegrate at the touch like a clod of earth. Those on the sur¬ 
face of the soil can be picked up for smelting and refining. Sometimes 
ore collectors need to go a few cun deep. In this case they plow the 
ground after a rainy day to get the ore from the moist soil. Deposits de¬ 
velop under plowed ground so that there is always ore supply. Ore 
lumps are primarily mined in Gansu Province in the northwest and 
Quanzhou in the southeast of China. The iron ore of the granular form 
is collected in Yanjing, Zunhua and Pingyang in Shanxi Province. The 
iron ore of the granular form becomes observable when its earth coating 
is partly removed. When the ore is washed and smelted in a furnace, 
the resulting iron is the same as that processed from the lump ore. 

There are two types of iron. One is pig iron, and the other is 
wrought iron. The former is the direct product of a blast furnace, while 
the latter is made from further treatment of pig iron. Steel is produced 
by refining a mixture of both pig and wrought iron. A furnace is built 



255 


Tian Gong Kai Wu 
Chapter 8 Metallurgy 






t 

i: 


imA] 

H, &m^m, /L«fe- 

m±zi=FikJf, ^Fsw^m, mmmM, 

fimo AA^JIo ±it^^Zls, iA*^i?7LSS 

tHo -Bt{ij|5t-Pieo KdiBPXjES, m. 

sitA«rt. i!cAj^##PAii#^i^±o m^m^ta 

ffi, -A^¥», Axmmmm, nmmm»- 

Ik, Sffl!i!'J3Z.S;to 



256 


l^m] 

xmM, 

AA.iSf'JBI^W^Ltyittbo ^0^^ 

7r>i-Bt>g.t, tt{-A^j&, ^i>]5.A>£#ib^^L 

A, si—^A^6^)4t, iti44!—-f^ilr, 

toF?$ 

4«ito®o '!*«#, A 

4itEp*]'f€))>>^^#L„ ;|i!p^^^>-A, 

#6^0 , A^^iik.^A4i-i^#4itA-fejS,’]A 

,^>&iis'8o 'falSt)^®»JFa^ip*;§^^i£;f;«# 

ii#A-^o 


with salt-reinforced clay, usually near the mine. Sometimes logs are 
used to form a frame around the furnace. It takes one month to build a 
fiimace. There must be no hurry, otherwise the clay may crack and it 
will have to be done all over again. A furnace should have the capacity 
for over 2,000 jin of ore. Materials for fuel vary from hard wood, coal to 
charcoal, depending on where the processing takes place. A gigantic 
bellow blows air into the furnace, and it takes four to six people to 
work it until the molten iron flows from an outlet in the middle of the 
furnace wall. The outlet is blocked by clay until the ore is melted. A 
complete day and night is divided into six equal periods. The melted 
lumps of iron flow out every two hours. The hole is blocked again until 
the next batch is ready. 

To produce cast iron, the melted iron is discharged into a bar or 
circle-shaped mold to cool. To produce wrought iron, a square pool is 
built a few chi away from and a few cun lower than the fiimace. A 
short wall is built by the side of the pool. When melted iron gathers in 
the pool, workers sprinkle fine dust of dried black mud from the top of 
the wall over the pool while they keep stirring the iron liquid with wil¬ 
low sticks. This is how wrought iron is produced. Two or three cun of 
each willow stick will be burnt off at the end of each operation, so that 
new ones will have to be used at the next turn. When the wrought iron 
is cooled a little bit it is either cut into blocks in the pool or taken out 
to be beaten into cakes for sale. Iron producers in Liuyang, in Hunan 
Province, don’t know about this technique yet. 

To make steel, wrought iron is hammered into thin pieces about a 
finger wide and one and a half cun long. These pieces (There is a kind of 
pig iron in Guangdong Province which is called the "pendulum-shaped iron) are then 
wrapped tightly with iron sheets. Next, the pig iron is placed on the 
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Concentrating iron ore by washing 




































Smelting iron ore to make pig iron and wrought iron 
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top, which is covered with worn straw sandals (preferably those with mud on 
them to prevent them from being burned). Then a paste of mud is applied to 
the bottom of the iron sheets. The combination of these ingredients is 
then put in the blast furnace. When the temperature is right, the pig 
iron melts first and permeates the wrought iron pieces to make an alloy. 
The mixture is then taken out for pounding that goes on for various 
lengths of time. The end product is known as permeated steel. 

The Japanese make their knives and swords with fine steel that 
goes through multiple smeltings, even one hundred times. Their swords 
are so bright that sunlight shines off them enough to light up the whole 
room. The steel is not produced with a combination of pig iron and 
wrought iron. Some say this is low quality. In some countries crude oil 
is used for austempering steel swords. Steel processed this way is said 
to be hard enough to cut jade, but I have never seen this done. Iron 
contains particles called iron core in it that are too hard for the beating 
process. An application of sesame oil to the surface solves the problem. 
Where iron ore is found on the northern side of mountains, there are 
usually magnetic deposits on the southern side. But there have been ex¬ 
ceptions to this observation. 
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Tin 

Tin is found in many places in the southwestern provinces and in 
very few places in the northeastern part of China. Tin is referred to as 
“/le” in ancient books, so named after the county Linhe where it 
abounds. Eighty percent of tin supply now comes from Nandan and 
Hechi in Guangxi. Hengzhou and Yongzhou are the second top suppli¬ 
ers. Tin ore is also found often in Dali and Chuxiong in Yunnan 
Province, but low accessibility to these frontier places makes trans- 
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portation difficult. 

Tin ore is obtained both from mountainous places called “moun¬ 
tain tin” and from rivers called “stream tin”. Of those coming from 
mountains, some are of the size of gourds and others, grains. It requires 
only some easy digging to find both types of deposits. Where the soil 
contains an enormous number of veins, the ore drops off and is easily 
picked by the miners. Stream tin is mined from the small rivers of 
Hengzhou and Yongzhou and the rivers in Nandan. The deposits are 
like black dust, as fine as sieved flour. In the river of Nandan, the in¬ 
habitants recover the tin ore from the river by first working from the 
south northward, and then from the north southward alternately at ten- 
day intervals. Mining reveals more deposits so that mining can go on 
for hundreds of years without exhausting the supply. A day’s work of 
washing and smelting produces only one jin of tin. Taking into account 
the cost of the fuel for the furnace, the profit is little. In the mountains 
of Nandan, where tin ore is mined from the northern side of the moun¬ 
tains, bamboo pipes are connected to form a water slot for the washing 
process. Water is channeled from the southern side. The unwanted par¬ 
ticles are washed off the ore, which is then smelted in a furnace. 

A blast furnace is used for smelting tin ore as well. A batch of 
hundreds of jin of tin ore takes an equal amount of charcoal. When 
there is not enough heat to melt the ore, a small amount of lead can be 
added. This creates an alloy that has a lower melting point. The molten 
material then is discharged out of the furnace. Sometimes, instead of 
lead, the residue waste of refined tin is used for this purpose. The bot¬ 
tom of the furnace is leveled out with charcoal ash or crushed porce¬ 
lain. An iron pipe channels the molten material out into a low pool. 
When tin first comes out of the furnace, the metallic tin, being pure 
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Recovering tin ore from rivers at Nandan, Guangxi 



















Smelting tin ore by adding lead 
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white in color, is very brittle and breaks into pieces when hammered. 
Some lead must be added to soften it so that it can be used for making 
various utensils. If tin objects bought in the shops contain too much 
lead and purification is desired, these objects should be soaked in 
vinegar and let boil eight or nine times, so that the lead can be elimi¬ 
nated. The process described above is the only way of producing tin. 
The alchemists' books mention obtaining “grass tin” from the grass 
Portulaca oleracea. This is nonsense. The notion that arsenic is the out¬ 
cropping of tin is also a mistake. 


Lead 

There are more lead mines than there are copper or tin. Three 
types of lead deposits are commercially mined. One is called silver 
lead. It contains silver ore. It takes two smeltings to separate these 
metEillic elements. Most silver lead ores are mined in Yunnan Province. 
Another type of lead is found in copper veins. In the smelting process, 
lead melts first and flows out of the furnace. Lead extracted this way is 
called copper lead. Most copper lead is produced in Guizhou Province. 
The third type of lead exists in high purity. Miners dig into the grav¬ 
eled earth in search for the veins which are twisted and crooked just 
like the silver veins. They use oil lamps to light up the tunnels. Ore ob¬ 
tained this way goes through the washing and smelting processes. The 
end product is PbS (grass-joint lead). Jiazhou and Lizhou in Sichuan 
Province are the biggest producers. Yazhou, in Sichuan Province, pro¬ 
duces another kind that looks like bean pods or tadpoles. This is made 
from ore obtained from the sandy bottoms of mountain streams. 
Shangrao and Leping in Jiangxi province produce lead that contains 
copper. Jianzhou in Sichuan province produces “Yiping lead”. Many 
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other places produce various kinds of lead as well. 

The method for extracting lead from silver ore involves melting the 
ore down so that silver flows out of the furnace first. Then the slag is 
smelted to separate lead from other materials. But PbS (grass-joint lead) 
takes only one smelting. A pipe is attached to the furnace to let lead 
out into a square pool. Lead produced this way is called carrying-pole 
lead or mined lead, to be distinguished from the byproduct of multiple 
smeltings in the silver furnace. Lead is cheap, but it combines with a 
lot of elements to make various compounds. White-lead powder and 
litharge are made out of lead. Silver is purified, and tin softened, with 
lead. 
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Supplement: White Lead and Litharge 

To produce white lead, cut molten lead which weighs a hundred 
jin, into thin slices. Put cylinders rolled with the slices into a wooden 
container, the bottom and middle part of which each has a bottle of 
vinegar. The outside part of the container is sealed with salt mud. Paste 
the slots on the container with paper. Keep it warm for seven days with 
power from four Hang of charcoal. Open the container when it is time. 
Sweep the powder which covers the lead slices into a vat. Put the lead 
slices into the container again and heat for another seven days. Collect 
the lead powder till all the lead slices are gone. The rest of the slag 
can be saved and used as material for producing red lead. 

Two Hang of bean powder and four Hang of clam powder is added 
to every jin of lead frost. The mixture is then put into a jar of water 
and stirred well. After the powder settles, water is drained off. The wet 
dross is now laid down on layers of paper which have been placed on 
top of fine charcoal powder. As moisture is being absorbed by the pa- 
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per, the dross forms a paste that is then cut into squares. These are 
dried and stored for future sale. Chenzhou and Shaozhou used to be the 
only producers of the powdered paste. Its name “shao powder” was 
named after Shaozhou. But today it is being produced in almost every 
province. When used in painting, the powder gives a permanent white 
tinge. But it turns the natural complexion greenish-sallow when used 
by women as a cosmetic powder. Fire turns it back to lead—an exam¬ 
ple of how everything reverts after reaching its uttermost. 

Ingredients for making litharge include one jin of lead, ten liang of 
native sulphfur and one liang of niter. First, the lead is melted. Some 
drops of vinegar are poured onto the molten lead. When the lead starts 
to boil, a piece of sulphur is added, followed by a small piece of niter. 
A little more vinegar is added when the boiling stops. Then a litde 
more niter and sulphur are slowly added. Litharge is obtained when the 
mass turns into powder. If the residue left from making white lead is 
used as a raw material, the process consists of roasting it with niter and 
alum without vinegar. To convert litharge back into lead, heat the for¬ 
mer over a slow fire with scallion-stalk juice. When the liquid turns 
yeUow, pour it off. The remainder is lead. 
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Songzi says that ever since the time of the Yellow Emperor , cop¬ 
per mining and casting of three-legged tripod or four-legged cauldron 
for cooking have been conducted in Shoushan. In China, mining has 
had a very long history. In the time of Emperor Yu of the Xia Dynasty, 
metals were presented to the Emperor for his Great Tripod by the mag¬ 
istrates of the nine provinces. Ever since then, the craftsmanship of 
metal casting by fire improved with time. Metal is produced from earth 
when it is in its natural state. When it is made into implements for peo¬ 
ple, it is produced like earthen molds. The implements vary in quality 
and size. People use these implements widely: from one that is blunt as 
a mortar for pounding grains to one that is as sharp as a ploughshare 
for plowing to one as thin as an iron wok for containing water and 
cooking. A big beU is made from metal and made into a hollow shape 
which creates harmonious sounds that fill the air. Chiliasts create fig¬ 
ures with metal so that the images of Buddha can be seen in this mor¬ 
tal world. The surface of an exquisite copper mirror can be glazed so 
that it wiU be even brighter than sunlight and moonlight. Metal coins 
are circulated throughout the country. The uses are so numerous that it 
is impossible to count them. On all accounts, human efforts can do 
more than these. 
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Casting of Tripods 

There is no record of the casting of tripods before the time of 
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Emperor Yao and Emperor Shun. The casting of the nine tripods began 
when the laws of land taxes of the nine provinces had been enacted, 
the annual tribute statutes of every region had been fixed, the river 
courses had been dredged and the book Tributes of Yu written by Em¬ 
peror Yu, had been finished. Worried that the rulers of future ages 
might increase the taxes and force tributes, that in the future the local 
governors might substitute tributes with extravagant articles, and that 
those who were in charge of the control of floods might not follow the 
correct methods, Emperor Yu ordered that all these regulations should 
be inscribed on tripods so that they might be more durable than books 
and would be impossible to change. That is the reason why the nine 
tripods were cast at that time. 

As the centuries passed people’s knowledge about antiquity be¬ 
came unclear. It is said that such phrases as “pearls and fish” and 
“foxes and woven leather” were inscribed on the tripods, but the words 
might have been mutilated and worn by time. The ignorant, however, 
took these to be sentences denoting frightful phenomena, giving rise to 
the statement in the Spring and Autumn Chronicales that “ if one 
knows the designs of the spirits then ghosts and monsters can be 
avoided.” By the Qin Dynasty, the tripods of Yu had been lost. Al¬ 
though the Great Tripod of the state of Gao, and the two square tripods 
of the state of Ju, were cast in the Spring and Autumn Period, their in¬ 
scriptions by no means had the same intent as those of Tributes of Yu; 
that is, these things were antiques in name only. Since in later times 
there have been a great number of documents and books, far more than 
those of ancient times, the casting of tripods became unnecessary. 
Here, therefore, the history of tripods is noted. 
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Casting of Bells 

A bell is the foremost of all metal musical instruments. A big 
ringing bell can be heard ten li away, and even a small one can be 
heard more than one li away. Therefore, beUs are rung to assemble 
people when an emperor is holding court or when officials are sum¬ 
moned to their government offices. The ringing of serial chime bells 
must accompany an official banquet. Bells are rung to touch the heart¬ 
strings of worshippers and also to arouse their respect for gods. In the 
casting process, the material used for making high-quality bells is cop¬ 
per while that of low-quality beUs is iron. Now in the North Star Pavil¬ 
ion in the palace, bell metal is used to make the Audience Bells each 
of which costs 47,000 jin of copper, 4,000 jin of tin, 50 Hang of gold 
and 120 Hang of silver. The finished bell weighs 20,000 jin and mea¬ 
sures 1.15 zhang in height, with a diameter of 8 chi. The double-dragon 
‘‘pulao”(a kind of sea animal, s3rmfaolizing the loudness of the bell) cast on the 
bell is 2,7 chi in height. These are the specifications of the Audience 
Bells used at the present time. 

The method for casting a 10,000-^ in bell is the same as that for a 
tripod. Dig a pit of one zhang deep and keep the inside dry. A house¬ 
like construction should be built inside the pit and an inner model 
should be made from a mixture of lime and mortar. Not a single crack 
is allowable. After it is dry, apply some ox fat and yellow wax several 
cun thick, the proportion being eight tenths of ox fat and two tenths of 
wax. The function of the tall canopy above is to protect the model from 
sunlight and rain (This should not be done in summer because oil does not congeal 
in summer time). Characters and images should be cast with great care 
after the oil wax becomes fixed. Next, very fine earth and charcoal 
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powder are pounded, and mixed into a mud paste, which is gradually 
spread on the surface of the engraved wax until it is several chi thick. 
When it is thoroughly dried, heat is applied from the outside so that 
the fat and wax will melt, and flow out entirely through apertures at the 
base. The bell or the tripod will then be cast in the cavity thus vacated 
between the core and mold. 

The vacated part made by the one jin of oil wax can be filled with 
ten jin of copper. Therefore, when ten jin of oil is used to cast the 
model, one hundred jin of copper is needed. After all the oil wax in the 
model is drained, the next step should be the melting of copper. It is 
impossible for a man to manage the melting of ten thousand jin of cop¬ 
per only with his hands. A smelter should be built surrounding the bell 
mold and mud should be used to make troughs connecting with the 
smelter outlets. The bottom of a trough tilts downward so that it can be 
connected to the copper-casting orifice. Around the troughs a charcoal 
fire is lighted to keep warm. After the copper inside the smelter is 
melted, unplug the orifice which is plugged with clay. Then the liquid 
copper will flow along the troughs into the mold and then a bell or a 
tripod will be finished. The methods of casting an iron bell which 
weighs around ten thousand jin, a censer or a large cauldron are all 
similar to this. The only difference is the method for making a mold 
which can be altered according to certain conditions and requirements. 

It won’t take so many efforts, however, to cast something that 
weighs less than a thousand jin. All we need are a dozen more small 
clay smelters which look like dustpans and have iron bars for a frame¬ 
work. There are two holes made by round iron tubes at the bottom of 
the smelter to sustain the bar which runs through the smelter. Every 
smelter used to melt copper by blasting is built on a mound. After the 
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copper is melted, the smelter is lifted by two men, if it is light, or sev¬ 
eral people, if it is heavy, in order to pour the melted copper into the 
casting hole. One smelter is followed immediately by another one so 
that the metals in the mold can join together naturally. If this is not 
done quickly enough, the copper poured in first will coagulate and it 
will be difficult for it to combine with the metal poured in later. As a 
result, slits will form. 

Not too much tallow or yellow wax is needed to make molds for 
casting iron bells. The outer mold is made of clay. Then it is cut 
lengthwise or widthwise into two parts which are then connected by 
dowel pins. Characters and patterns are carved onto the inner surface 
of the outer mold in reverse. The inner mold should be slightly smaller 
than the outer mold. There is a certain inter-space between the two 
molds created by careful calculations. The outer mold (inner surface) 
should be spread with tallow so that the bell won’t adhere to the mold. 
After the two parts of the mold are joined, the cracks should be sealed 
together with mud before casting. The method of making big chimes 
and oloud-shaped musical boards is similar to this. 
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Casting of Cauldrons 

Cauldrons are used to store water and heat things, so they are in¬ 
dispensable in daily lives. Pig iron or old and useless iron-casting im¬ 
plements are used as the raw materials for casting cauldrons. There are 
no fixed sizes for cauldrons. Commonly used cauldrons usually have a 
diameter of two chi and a thickness of around two fen. The small ones 
have half of the diameter of the common ones but the same thickness. 
A casting mold for a cauldron is made up of inner and outer layers. 
The inner mold is made first. After it has dried in the sun for several 
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days, an outer layer mold is made to cover the inner one according to 
the size of the cauldron. The artisans making outer molds should be 
extremely careful with the operation or the molds will be useless if they 
have even a tiny defect. 

After a mold is finished and dried, a smelter, the inner part of 
which resembles a cauldron and contains pig iron, should be made out 
of clay. The backside of the smelter should have tubes installed for 
ventilation, the front side an opening for the iron to come out. Molten 
iron produced from one smelter can cast ten to twenty cauldrons. After 
being melted, the iron is taken from the smelter mouth by an iron ladle 
padded with earth. A cauldron is molded with about one ladle of 
molten iron. This is poured into the hole at the bottom of the mold. The 
mold cover should be removed before the iron cools down to see if 
there are any cracks or defects. Then the cauldron, glowing red and not 
yet turned to black, should be mended with a little molten iron where 
cracks appear. Then smooth it over with wet grass leaves to leave no 
trace. 

In a cauldron made with pig iron, there will be many defects that 
need to be repaired. Only cauldrons made with molten waste iron have 
no cracks. (It is a national custom in Korea that waste cauldrons must be discarded 
in the hill areas and not be put into smelters again). The testing method for a 
finished cauldron is to knock it with a wooden stick. If the resulting 
sound is like knocking wood, it can be considered a cauldron of good 
quality; but an inferior noise is the sign that the iron had not been re¬ 
fined enough and that the cauldron will be easily damaged. In large 
temples in our country, there are cauldrons for 1,000 monks which can 
be used to cook porridge with as many as two dan of rice. They are 
simply huge implements. 
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Casting of Figures of Buddha 

The casting method of molds for the figures of Buddha is the same 
as that for the Audience Bells. While the bells and tripods are cast in 
one piece, the statues, however, can be cast in sections; therefore, the 
engraving of designs is much easier. The piecing together of the mold, 
on the other hand, must be executed with the greatest skill. 

Casting of Cannon 

Refined copper is used in the casting of Western cannon, Dutch 
cannon and Portuguese cannon. Equal amounts of refined and raw cop¬ 
per are used in making such arms as signal guns and muskets. For 
making guns like Xiangyang, Zhankou, Great General and Deputy Gen¬ 
eral, iron is used. 


Casting of Copper Mirrors 

The molds for casting minors are made from plant ashes and fine 
sand, and the minors are made from copper and tin (zinc is not used). 
According to Artificers^ Record “alloy of half gold (copper) and half 
tin is the material for casting dressing mirrors and coUeting minors”. 
The reason why a mirror surface can reflect light is that there is a mer¬ 
cury covering. Copper does not have the sheen. During the Kaiyuan 
period of the Tang Dynasty, minors in the palaces were all cast with 
half silver and half copper. That’s why every minor is worth several 
Hang of silver. The vermilion-like spots on the minors show that the 
materials contain gold or silver. ( Gk)ld was added to cast censers in ancient 
times.) The Xuande censer of the present dynasty was cast when an ac¬ 
cidental fire in a storeroom melted gold, silver, copper and tin into a 
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mixture which was then ordered to be made into a censer. (The genuine 
Xuande censer glitters golden colour.) The Tang mirror and the Xuande 
censer represent the prosperity of the ruling courts. 

Casting of Copper Coin 

Copper coins are cast for civil use. One side of the coin is cast 
with four characters “xx tongbm" to indicate the currency of a particu¬ 
lar dynasty. There were special bureaus within the Ministry of Works in 
charge of this. Ten current copper coins equal one fen oi silver. The 
disadvantage of big coins which equal five fen or ten fen i% that they 
are easily counterfeited, so they are harmful to civilians. That’s the 
reason why in all parts of the empire the circulation of coins is fre¬ 
quently stopped. Every ten jin of copper coins needs an approximate 
proportion of six or seven jin of red copper and three or four jin of zinc 
(called “water tin” in the capital city of Beijing). At a high temperature, zinc 
will lose a quarter of it. The current highly pure coins used in this dy¬ 
nasty are only the yellow coins produced in the Baoyuan Bureau in 
Beijing. The black coins are made by the Caozhou Prefectural Govern¬ 
ment in Guangdong Province (The Gaozhou coins are used in Zhangzhou and 
Quanzhou in Fujian Province.) and one wen of it is worth two wen in the di- 
rectly-govemed area in the south and Zhejiang Province. The yellow 
coins are divided into two grades: those cast with four-time purified 
copper are called golden-surface coins; and those with twice-purified 
copper, sealing wax coins. 

The cauldrons for smelting copper in coin casting are produced 
from extremely fine earth (smashed dry adobes are the best) and charcoal 
powder. (It is unknown why cattle hoofs and horns are used to make cauldrons in 
Beijing.) Every ten Hang of materials for casting a cauldron include 7 
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Hang of earth and 3 Hang of charcoal powder. Charcoal powder pre¬ 
serves heat and the mixture of earth and charcoal powder makes it eas¬ 
ier for melting copper. The height of a cauldron is 8 cun and the diam¬ 
eter is 2.5 cun. It contains ten jin of copper or zinc. Copper is first 
melted in the cauldrons and then zinc is added. The smelted material 
is then poured into the coin-casting molds. 

A coin mold is a frame made from four pieces of wood (whose length 
is 1.2 chi and whose width is 1.2 cun). Extremely fine screened earth and 
charcoal powder are put on the screen and pressed through the frame. 
This resulting powder is sprayed on top of a little charcoal powder 
made from fir or willow. Or the mold can be fumed with smoke of 
colophony or colza oil. Then 100 head or tail of mother coins molds 
made of tin are spread upon its surface. In the former way, press the 
earth and powder with a wooden frame onto the original frame so that 
the head and tail molds are formed on the back frame. Then press, us¬ 
ing another fi*ame, the back frame again and turn it in the same way. 
After seversd repetitions, ten frame molds or so will be produced. Later 
they should be tied up with ropes. There should be holes on the edges 
of the frames so that liquid copper can be poured through them. Then a 
founder gets the copper-melting cauldron out from the smelter with an 
eagle-beak clamp. Another clamp is then used to hold the bottom of the 
cauldron while the melt is poured into the holes. After the cooling, un¬ 
bind the frames so that one hundred coins appear like fruits on 
branches. The branches are formed because there are holes for the melt 
to flow out into the molds. After cooling, the melt which forms the 
branches will be broken by clamps and rasped away. The coins should 
be filed along their edges. Hundreds of coins are bunched with bamboo 
or wooden bars so they can be rasped together. Next, the uneven part 
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of every coin is rasped individually. 

The purity of a coin depends on the amount of zinc in a coin. It is 
easy to discover the differences between thicknesses and weights. This 
is because zinc is worth less than copper. Illegal minters make coins by 
casting them using half zinc and half copper. Tossed onto the stone 
steps, coins with low purity sound like wood or stone while highly pure 
coins, containing nine-tenth copper and one-tenth zinc, sound like 
metal. Wasted copper utensils wiU lose one-tenth of their weight every 
time they are melted and cast into coins. If old brass articles are re¬ 
melted for minting, there will be a ten percent loss in the smelting pro¬ 
cess, because part of the zinc will be lost, and the resultant product 
will contain a higher percentage of copper; therefore it is better than 
coins struck with new copper. As for the silver coins cast by a good 
many coimtries in Ryukyu (Islands), the molds of them are carved on 
the head of clamps. After the silver is melted, it is scooped out of a 
cauldron using the clamp and quenched in cold water, and a silver coin 
will be left in the water. 
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Supplement: Iron Coins 

Iron is so cheap that it has rarely been used to cast coins. The 
casting of iron coins dated back to the Tang Dynasty in seigniorial 
towns like Weibo only because copper was unavailable. This was just 
makeshift. In prosperous dynasties, silver is used to make silver beans 
for entertainment, while in poor dynasties iron was used to cast coins. I 
write this down for the melancholic pondering of the naturalist. 
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Chapter 10 
Forging 


Songzi says that metals and timber are made into various appli¬ 
ances through machining. Without right-handed tools, artisans even like 
Luban and Chui, in ancient China, could not demonstrate their wonder¬ 
ful skills. Without clamps or hammers, the processes of producing var¬ 
ious weapons and metallic musical instruments could not be finished. 
All tools and appliances are forged by blazes in smelters, but the tools 
and appliances vary in shapes and sizes. Anchors as heavy as three 
thousand jin anchor in raging waves; needles as light as a feather make 
floral patterns on a ceremonial robe. These wonderfiil arts and crafts 
outshine those of casting bells and tripods. Yet if we assign all the 
credit of superb smelting and casting to supernatural forces, it seems 
that proof of this can be found in the story of Moye and Ganjiang 
swords, and in the rise heavenward of the two famous swords which 
seemed to turn into two dragons after being wielded. This story may be 
well-founded. 
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Making Iron Articles 

Iron forging uses wrought iron. First, cast iron is made into an 
anvil as the pedestal to sustain the hammering. It is truly said that “all 
things stem from a pair of forceps”. The wrought iron that has just e- 
merged from the forge is called “unfashioned iron”, which will lose 
thirty percent of its volume in the form of sparks and droppings after 
being forged. Iron that is already used and not rusted yet is called 
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“used iron” which can be changed to other implements or the original 
ones and will only lose ten percent when forged. Coal accounts for sev¬ 
enty percent, and charcoal thirty percent of the fuel used for heating 
the iron in the forge. In places where no coal is produced, ironsmiths 
bum hard wooden sticks into hardwood charcoal. (It is called “fine arrows” 
and can easily be burned in a furnace without blocking its vent.) The resulting fire 
is much stronger than that made from coal. Even though coal is used, 
another kind of coal called iron coal should be used. It contains intense 
internal heat but does not waste it in high flames. It has a shape as 
coal used for cooking, but they are different. 

Before being burned red in fire and then being hammered, pieces 
of wrought iron should be joined together using yellow mud. Then the 
mud which is only a linking agent should be washed off. After being 
hammered, those iron implements can * t be broken unless melted in fire 
again and cut with axes. The hammer-foiled articles of wrought iron 
and steel are not very hard before the correct balance of water and fire 
has been achieved, and therefore should be quenched in clear water 
immediately after being taken from the forge, which is called the 
quench hardening of steel and iron, meaning that before these soft 
properties of iron and steel were not yet entirely removed. This means 
that before “being put into clear water”, steel and iron still have the 
quality of mildness. In Western countries, there are other wonderful 
materials to join the iron. In China, soldering paste for small items is 
cupronickel powder while for big items the joining can only be 
achieved by forceful hammerings. Years later, however, the joints will 
not remain firm. As a result, though there are forged cannons in West¬ 
ern countries, in China cannons are made only by casting. 
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Broadswords and Axes 

Among iron weapons, thin ones are broadswords and swords while 
the ones with thick backs and thin blades are axes and choppers. 
Those admirable broadswords and swords are covered with steel tem¬ 
pered many times while the frameworks are made of wrought iron. Oth¬ 
erwise the sword will break oflf when it is used with vigor. The ordinary 
broadswords and axes are inlaid with steel on the cutting edge only. 
But the steel coating on even the costliest broadswords, which can chop 
nails and cut through ordinary iron, will disappear and the iron core 
will show up after the blade has been ground and sharpened a few 
thousand times. In Japan, the back of the broadswords blade is less 
than 0.2 chi wide, yet vdll stand on one ’ s finger without toppling. The 
process for forging this kind of broadsword is not known in China. 

All broadswords and axes processed using heat treatment should 
be coated or inlaid with steel and should be put into water to be 
quenched after finishing. The sharpness of the blades depends on the 
work spent on the whetstones. The cavities for wooden handles of axes 
and hammers used by ironsmiths should all have cold iron as frame¬ 
works called “ram’s head” and then be wrapped with hot iron. The 
cavities are formed because cold iron does not adhere to hot iron. 
There will be hollow space in axes and mallets after they are outworn. 
They can be used again after being filled with melt iron. 
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Hoes 

Hoes for ploughing fields and planting and hoes with broad 
mouths are forged from wrought iron. Then sprinkle melted pig iron on¬ 
to the hoe mouths so that the hoes will become hard and tough after 
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being quenched in water. The best way is that every one jin of shovel 
or hoe should be sprinkled with three qian of pig iron, less than which 
the product will not be hard enough and more than which the tools will 
be so hard that they will be easily broken. 


Files 

Files Eire made with pure steel. Before being quenched, the steel is 
soft. Then longitudinal and diagonal lines are curved by flat mouth 
chisels of quenched steel on file flans. Only if the chisels advance di¬ 
agonally when curving the lines could the edges take the shapes of 
flame. Files will have rubdowns after being used for a long time. In this 
situation, they should be annealed to make the steel softer and then be 
curved with new lines by flat mouth chisels. To make saw-teeth, the 
“straw-leaf’ file should be used first, followed by the “arc-sharpening” 
file; to polish copper coins, the “square-long-puU”; to pwlish locks, 
keys, and the like, the “square strip”; to cut and fashion ivory and 
horns, the “sword-face”; and to work on wood the file is marked with 
round holes instead of criss-crossed lines and is called “incense” file. 
(The powder of ram’s horn, mixed with salt and vinegar, is applied to the file before 
the lines are marked on it.) 
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Awls 

Awls are hammered out of wrought iron without any steel. 
“Round” awls are used to bind books while “flat” awls are required to 
sew leather. Snake-head awls are used to make perforations into wood¬ 
en pieces by woodworkers. The needles of snake-head awls are as long 
as two fen, with one side being like an arc and the other being con¬ 
cave. On both sides, there are two ridges used to draw ropes. Drilling 
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copper sheet requires chicken-heart awls. Those with three ridges are 
spiral awls while with four ridges and pointed ends are called “boring” 
awls (drills). 


Saws 

Saws are made of wrought iron which is forged and hammered into 
slices without any steel or quenching processes. After being burned hot 
and cooled down, the slices should be hammered repeatedly to enhance 
their toughness. Then make saw-teeth using files. When used, the two 
wooden handles at the two ends of the saw serve as the gripes. A cross¬ 
bar in the middle serves as a girder. Then wring a thin bamboo strip to 
straighten the saw. Long saws are used to cut wood open while short 
ones can cut wood. Those with thinnest saw-teeth can be used to cut 
bamboo. When the teeth become blunt, they should be filed sharp for 
future use. 


Planes 

Put a one-cun-wide sharp iron slice covered with steel into the 
slot of the plane diagonally. The blade should be exposed slightly to 
make the timber smooth. It was called “zAun” in ancient times. Big 
planes face reversely and show the blades upwards for timber to be 
pulled on top of them. They are called “push-planes” and are used by 
woodworkers to make barrels. Common planes are installed with a bar 
for wings by which workers push planes forward. Cabinet workers use 
“pick thread planes” with blades as wide as two fen. There are 
centipede planes which can scrape surfaces really smooth and slick. On 
the wooden body of the plane are laid about a dozen small blades 
which resemble the centipede ’ s feet. 
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Chisels 


Chisels are forged using wrought iron and have blades embedded 
with steel. The body is circular and hollow inside so that it can be in¬ 
stalled with a wooden handle. ( When a chisel is being made, an iron pipe 
should be made first as a mold called a “ram’s head”. The way is the same as that for 
making a handle of an iron spoon.) Hit the handle with an axe SO that the 
chisel will be embedded in the wood. The chisel blade can be as wide 
as one cun or as thin as three fen. When being used to dig a round 
hole, the blade should be made into a columnar shape and it is then 
called scoop chisel. 


Anchors 

When it is difficult for ships to pull in to be berthed in storms, 
their fates lie with the anchors. Anchors of warships and sea boats 
weigh as many as a thousand jin. The method is to forge the four flukes 
first and then set them individually into the body of the anchor. For 
anchors weighing less than three hundred yin, put an anvil with a di¬ 
ameter of one chi beside the smelter. After the two ends of the anchor 
are burned hot, remove the charcoal. Then nip the item with sticks 
covered with iron onto the anvil to be hammered. K the anchor weighs 
around a thousand jin, a shed should be built. Many workers stand on 
the shed holding iron chains which connect to the two ends of the an¬ 
chor body. There is one big hoop around each end to connect the 
chains so that the anchor could be suspended and turned. Everybody 
makes a concerted effort to hammer the flukes and the body together. 
Screened fine old calcimine instead of yellow mud is used as bond. 
One should spray the calcimine onto the interface constantly so that the 
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First step in making gong and copper drum 
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worked pieces will be hammered together without any cracks. Anchors 
are the biggest items made with the hammering process. 

Needles 

First, hammer the iron into thin iron bars. On a draw-bench, drill 
small holes through which the iron bars can be drawn into iron threads. 
Then cut the threads by the cun into needles. File one end into a point 
and strike the other end flat with a small hammer. Drill the eye of the 
needle in the flat end with a steel awl and file the surrounding part 
slick. Then put the needles in a cauldron and roast them with slow fire. 
After this, cover them with earth, mixed with pine wood charcoal pow¬ 
der, and bean jam and heated fi-om beneath. Set two or three needles 
outside to test the proper time and temperature. When the needles out¬ 
side can be twiddled into powder by using fingers, it is time to uncover 
the needles underneath and to quench them in water. Needles for 
sewing clothes and embroidering are hard. Only needles for making 
hats by needle workers in Mawei Town in Fujian Province are “willow- 
branch soft needles”. The diflerence between hard and soft needles de¬ 
pends on whether the red-hot needles are quenched in water or cooled 
slowly in a dying fire. 


Forging copper 

Red copper should be smelted into yellow brass before being 
melted and made into implements. White brass is prepared by mixing 
copper with arsenic and other drugs, but its cost of production is twice 
that of other copper alloys and so only the extravagant undertake to 
manufacture it. Brass is smelted from calamine and should be stricken 
while it is still hot after being melted. Brass with zinc added should be 
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Final Steps in Needle Making 
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stricken after being taken out of the smelters and cooled. Musical in¬ 
struments are made with a mixture of tin and copper. The metal must 
be one piece and not solder. All round or square articles can be sol¬ 
dered over a flame. Small items use tin powder as welding materials 
while big ones use bronze powder. (Grind copper into powder and add cooked 
rice to hold it together before being pounded. Then wash the rice off with water so that 
the copper powder is left, or it will fly apart.) Red copper powder is used to 
solder silverware. 

In instrument forging, a bell-shaped percussion instrument (com¬ 
monly called gong) does not need to be cast in advance. It is stricken out 
of the smelt lumps of materials. Copper drum and "'dingning' (a small 
bell), however, need to be cast into round slices before being ham¬ 
mered, For gong and copper drum, the copper materials should be 
placed on the ground to be stricken. Big items need several people to 
work together to hammer the lumps gradually bigger and bigger. When 
being hammered with cold hammers, forged parts make the sound of 
music. The raised part in the middle of the copper drum is made first, 
and then the article is cold-hammered to produce the proper sound. 
Tunes contain high and low tunes, depending on the forces of strikes 
by the hammers. After being beaten several times, the copper drums 
make low tunes. The slightest difference in the strokes will determine 
whether the sound will be male or female; the former is achieved with 
many repeated strokes of the hammer. Copper becomes dull white after 
being stricken and turns yellow again after being filed. Under hammer¬ 
ing, the loss of copper is only one-tenth that of iron. Copper not only 
has an odor, but also has a beautiful color. That is why coppersmiths 
earn more than ironsmiths. 
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Chapter 11 
Ceramics 


Songzi says that through the interaction of water and fire, clay can 
be burnt into ceramics. According to the ancients, within an area of ten 
thousand households, pottery made by one person is not enough for 
people’s need. It is obvious that pottery is widely used among the folk. 
Roofs should be covered with tiles to make them weatherproof. Monar- 
chs set dangers and obstacles to protect their countries. Walls and 
parapets should be made with bricks to keep enemy out. Strong earthen 
urns can keep the wine fragrant. Clean goblets are suitable to hold of¬ 
ferings for sacrifice. Between the Shang and Zhou dynasties, sacrificial 
dishes were made of wood. It is not because people love them, but be¬ 
cause they lack the related skills. Later on, people of different places 
rushed to come up with better techniques. With the techniques chang¬ 
ing with each passing day, wooden ware was replaced with polished 
pottery. Some of the pottery is as thin as paper, some is as white as 
white jade. These wares sparkle in quiet retreats or at festive boards, a 
concrete sign of civilized life. So from this, how can we say that things 
are the same all the time? 
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Tiles 

When people knead clay to make tiles, it is necessary to dig two 
chi deep under the earth ’ s surface and choose clay without sand as the 
source material. Within a hundred li there must be clay suitable for 
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building houses. Earthen bricks of tiles for ordinary people are all 
made from the quarter sections of a cylinder. Prepare a cylindrical core 
mold, on the surface of which are four ribbed demarcation lines. The 
clay is mixed with water and made into a high rectangular pile. Then 
the moist clay pile is sliced by the iron wire of a bow, with the wire lo¬ 
cated dX 3 fen away from the back of the bow. The sliced clay layer is 
lifted like a piece of paper, and wrapped around the cylindrical core 
mold. When it is a little dried, the clay is removed from the mold, and 
naturally falls apart into four pieces. The size of tiles is not fixed, a 
large one can be eight or nine cun both in length and width, while a 
small one can be three tenths of the large one. Gutter-ways on a roof 
must be made with the largest tiles in order to stand storms. 

When the earthen tiles are ready, stack them in a kiln and light 
firewood. It takes a day and night or two days and two nights depend¬ 
ing on the number of bricks in the kiln. The way of watering and turn¬ 
ing round glaze is the same as making bricks. Tiles hanging on the 
eaves are called drip tiles; tiles beside the ridge are called cloud tiles, 
while tiles covering the ridge are called Baotong tiles, and tiles on ei¬ 
ther ends are fixed with sculptures of birds or beasts. These tiles are all 
made by making semi-finished tiles first and putting them in the kiln; 
they will form shapes as a result of the interaction between fire and wa¬ 
ter. 

Tiles used for royal palaces are much different from those used for 
ordinary people’s houses. They are all glazed roof tiles. Some have the 
shape of boards; some have the shape of cylinders which are made by 
using round bamboo or polished wood molds and burning them one by 
one. Clay must come from the prefecture of Taiping (This type of clay was 
transported 3,000 li to Beijing. In the course of transportation work officials in charge 
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added some sand in the clay and forced the laborers to do the work. The imperial mau¬ 
soleum of the Ming Dynasty was built with this type of clay. No one deured say some¬ 
thing about it). After the semi-finished bricks are ready, put them in a 
glazed-tile kiln. Every hundred pieces of tiles require five thousand ym 
of firewood. Take them out to paint after burning. Water of decocting 
leaves of manganese black and pahn can dye them green, while ochre, 
rosin and aquatic grass can dye them yellow. Put the painted tiles in 
another kiln again, reduce the firewood and bum them slowly. Thus the 
tiles can have the beautiful colors of glazed roof tiles. Occasionally this 
kind of tiles is used in the palaces of princes living in the provinces as 
well as in temples and monasteries, although the materials and methods 
of glazing may be a little bit different from one place to another. How¬ 
ever, glazed roof tiles are forbidden in the constmction of houses for 
the ordinary people. 


Bricks 

When people knead clay to make bricks, it is also necessary to get 
clay from the ground. Clay can be blue, white, red and yellow (Fujian 
and Guangdong provinces are rich in red clay and Zhejiang Province teems with blue 
clay, which is called “good clay”). The best clays are those that are adhesive 
but not loose, fine and without sand. To make bricks, first get water 
from a well and moisten the clay. Then drive several cattle to tread on 
the clay until the clay becomes a thick paste. Finally fill the thick 
paste in a wooden frame, scrape its surface with a wire-stmng bow to 
form unbaked bricks. 

Bricks used to make walls of towns and walls of ordinary people ’ s 
houses are solid bricks or hollow bricks. The solid bricks are oblong 
pieces and are used to build rampart waits and walls of rich people’s 
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houses, the bricks being placed solidly one upon another. But 
economical people lay a tier of hollow bricks between two tiers of solid 
bricks and they also fill the hollow bricks with earth and stone. In ad¬ 
dition to building walls, bricks used to pave the ground are called 
“square frame bricks”. Bricks used to hold tiles on rafters are called 
Huangban bricks. Bricks used to build vaulted bridges, archways and 
graves are called knife bricks or curved bricks. One side of the knife 
bricks is cut off wedgewise. When they are packed closely together to 
form an arch, the struture will not collapse and can stand the great 
stress of chariots. When making “square frame bricks”, put clay in a 
frame and cover it with a flat board. Two persons stand on the board in 
order to pack the mass and ensure the solidity of the unbaked brick. 
They can be used after burning. Stone workers grind the four 
sides, and pave them on the ground. Knife bricks are a little more 
expensive than wall bricks; Huangban bricks are ten times cheaper 
than wall bricks, while “square frame bricks” are ten times the cost of 
wall bricks. 

After the unbaked bricks are made and dried, they are put into a 
kiln and are fired. It takes one day and night for every three thousand 
jin of bricks, so if there are six thousand jin in the kiln, it takes two 
days and two nights. Fuel for firing bricks can either be firewood or 
coal. Bricks fired by using firewood will be bluish gray in color, while 
bricks fired by using coal are white in color. Make three holes on the 
side top of the firewood kiln to let smoke out. When the firing is fin¬ 
ished and the fire is withdrawn, these holes are sealed with mud, and 
then water is used for the superficial glazing on quenching of the 
bricks. If bricks are not heated enough, lacking in one tenth time of 
firing, glaze colors will not be bright; if bricks lack three tenths time of 
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firing, they are called slight fire bricks, the color of which appears sim¬ 
ilar to that of their original unbaked bricks. When exposed to frost and 
snow, they will quickly loosen and become clay again. On the other 
hand, if bricks are fired one tenth of the firing time longer, there will 
be cracks on the surface of the bricks; if the bricks are fired three 
tenths of the firing time longer, they will be bent and shrink. Such 
bricks fracture and are easily smashed, unsuitable for use. Clever 
builders bury them underground as foundations for walls at the foot of 
the walls, which also have the function of bricks. The method used to 
check the temperature in the kiln is to watch through the door of the 
kiln to its inside to see if bricks are fired enough. Under the attack of 
fire the clay appears to sway and in a state similar to gold and silver at 
their melting point. The firemen of pottery works will recognize the 
proper temperature. 

The way of watering and turning round the glaze is to open a hole 
on the top of the kiln, with its four sides a little higher, and pour water 
into it. Every three thousand jin of bricks or tiles need forty dan of 
water. Hydrosphere permeates into the kiln and interacts with fire in¬ 
side the kiln. As a result of the interaction of fire and water, strong and 
durable bricks are made. A coal kiln is two times higher than a fire¬ 
wood kiln, with the upper arch contracting gradually, but not closed. 
Inside the kiln, lay coal cakes one chi and five cun in diameter. Lay a 
tier of bricks between every two tiers of coal cakes. Lay reeds and fire¬ 
wood at the bottom in order to light easily. Brickyards which produce 
big bricks and bricks for royalty are located in Linqing of Shandong 
Province, and the Ministry of Works in feudal China dispatched certain 
organisation to manage them. Previously many different types of bricks 
were produced here, such as “secondary brick”, “tally brick”, “flat- 
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Coal-fired brick kiln 
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bodied brick”, “lookboard brick”, “axe-blade brick”, “square brick”, 
and so forth, but half of these bricks were eliminated later. When ship¬ 
ping these bricks to Beijing, every ship carrying food supplies can only 
carry forty bricks, and every privately owned ship can carry twenty 
bricks. Fine-grained square bricks used for paving main halls are pro¬ 
duced in Suzhou and shipped north. As for glazed roof bricks, their 
glaze is already mentioned in Tiles. The fiiel comes from Taiji factory 
in Beijing and fired in the Black kiln factory. 
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Water Jars and the Like 

Many utensils made by potters have a big paunch and a small 
opening. There are big utensils, such as heavy water jars; medium 
utensils, such as bowls; and small utensils, such as vases. Their shapes 
and sizes are different according to the locality; they can not be listed 
in a detailed way here. All of these utensils are round, not square. Af¬ 
ter identifying the clay and deciding on the clay, use a potter wheel to 
spin the disk. The experienced potter can measure with his eyes the 
amount of clay needed for an article and are able to take almost that 
amount into his hands, and, with the help of another person, place it on 
the revolving potter’s wheel, then with one single molding the article is 
completed. However, the large “dragon and phoenix jars” which are 
used in the Imperial Court, and the large figured jars of South Chili 
Province are made by a completely different method: the clay is al¬ 
lowed to form very thickly over the body of the jar, so that figures and 
designs can be carved on the wares. This is why the price of such jars 
is fifty or one hundred times higher than that of ordinary jars. 

Ears and mouths on bottles and utensils with big paunches and 
small openings are made separately and then affixed to the body by a 
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liquid glaze. Pottery has a bottom, that without a bottom is called a 
steamer which is used in Shaanxi Province to steam food: it is made 
with tiles, not wood. Refined pottery is glazed both outside and inside, 
while the roughly made ones are half glazed. Only pans made from clay 
and sand and earthen bowls are not glazed inside to keep their inside 
rough and astringent, in order to grind easily. Vats and jars made of 
clay and sand are also not glazed to keep them able to conduct heat 
easily to cook food. Glazes are produced everywhere, Jiangsu, Zhejiang, 
Fujian and Guangdong provinces make them from Pleris serrulata. 
Pleris serrulata is used as a fuel to cook, which is less than three chi 
long, its leaves look like cedar leaves, but do not prick hands. Potter*s 
bum it and put the ash in a hop-pocket, pour water into the pocket and 
wash the ash, in order to remove big ash, leaving only the fine one. 
Blend every two bowls of ash with a bowl of red clay water and stir 
them. Spread it on earthen bricks and there will be light glaze color af¬ 
ter fired. The source material of glazes in the north is not known, and 
the source material of glazes in Suzhou, which is used when making 
yellow jars, is also different. However, glazes for “dragon and phoenix 
jars” for the court are made from manganese black and palm. 

A flask kiln is used to make small utensils, while a vat kiln is 
used to fire big utensils. Shanxi and Zhejiang provinces built vat kilns 
and flask kilns separately, while other provinces combine the two to¬ 
gether. When making a big opening vat, turn the wheel to divide the 
earthen bricks into two and cormect them again later. Knock the inside 
and outside of the connection with a mallet. Divide earthen bricks into 
two as well when making jugs and urns with small openings, but there 
is no need to knock the connection inside. Fire the earthenware rings 
in another kiln at first to underpin the inside; knock the outside with 
the mallet, and the earthen bricks will stick together naturally. 
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Both vat kilns and flask kilns are not built on level ground, but a- 
long hilly slopes, with twenty or thirty zhang as the longest one and 
over ten zhang as the shortest. Dozens of kilns are connected together, 
with the next one higher than the former one. As kilns are built along 
the slopes, water can run down to avoid moisture while fire can climb 
up gradually. Pottery fired in these kilns is not rare and expensive, but 
it takes a lot of manpower and material resources. When the brick kilns 
are completed, their tops are covered with a three-inch layer of fine 
earth. The walls of each individual kiln are equipped not only with 
windows to let smoke out every five chi, but also with a double door 
that opens from the middle. Small utensils should be put in the bottom 
kilns and big utensils, like vats and urns, should be put in the top 
kilns. Light the kiln from the lowest with two men sitting opposite 
watching the fire to decide whether it is fired enough. About every 
hundred and thirty jin of pottery needs one hundred jin of firewood. 
When the fire is strong, close the doors. Then light the second kiln, 
and so on, until the last kiln is fired. 




341 


White Porcelain 

White soil known as white clay is the raw material used by 
porcelain makers for their finest wares. There are five or six areas pro¬ 
ducing white clay. In the north, there are Dingzhou of the Zhending 
Prefecture, Hunting County of the Pingliang Prefecture in Gansu 
Province, Pingding County of Taiyuan in Shanxi Province, and Yu 
County of the Kaifeng Prefecture in Henan Province. In the south, 
there are Dehua County (the producing area is Yongding County, but the kiln is in 
Dehua) of Quanzhou in Fujian Province, Wuyuan County of the Huizhou 
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Prefecture and Qimen County. (White clay in other places is not sticky enough 
to make pottery, but it can be used to paint walls.) The Dehua kilns only make 
porcelain fairies, delicate figures and toys, which are not practical. 
Some porcelain made in Zhending and Kaifeng Prefecture is a little 
yellow and dull. The above-mentioned porcelain can not match the 
porcelain made in the Raozhou Prefecture of Jiangxi Province. Lishui 
and Longquan County of Chuzhou Prefecture in Zhejiang Province 
make glazed cups and bowls, which are named the Chu kiln and black 
as black lacquer. During the Song and Yuan dynasties, at the foot of Liuhua 
Mountain in Longquan there was Zhangshi kiln, which turned out pre¬ 
cious porcelain. This is the Brother kiln mentioned in antique business. 

Jingdezhen porcelain produced in Liang County of Raozhou Pre¬ 
fecture is the most famous and popular throughout the country. 
Jingdezhen is the place producing porcelain from ancient times, but 
white clay doesn’t exist in Jingdezhen, it comes from Wuyuan and Qi¬ 
men. One is called Gaoliang Mountain, which yields hard rice clay; the 
other is called Kaihua Mountain, which yields soft glutinous rice clay. 
By mixing these two kinds of clay together, porcelain can be made. 
Clay is made into blocks and shipped to Jingdezhen by boat. Porcelain 
makers mix the same amount of the two kinds of clay, pound them in a 
mortar for a day and settle them with water in a vat. The small quantity 
of powder floating on the surface is fine material and should be poured 
into another vat. The one settling at the bottom is rough material. The 
fine material in the latter vat should be taken out and poured into an¬ 
other vat. The material floating on the surface of the small quantity 
powder vat, it is the best, and the material at the bottom is the next. 
After settling, dry by fire in the kiln and mix them with water again to 
make unbumt bricks. 
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Polishing clayware with potter’s wheel 











































Dipping thoroughly dried wares in water 





















































Dipping clayware in liquid glaze 
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Porcelain kiln 
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There are two kinds of porcelain bodies. The first is called 
“pressed ware” which consists of utensils like vases, jugs, incense 
burners, boxes and the like. They have different shapes, imperial arti¬ 
cles like porcelain screens, candlesticks, and the like are also includ¬ 
ed. To make the “pressed ware”, first, fashion yellow clay molds, 
whether in whole or in two halves cut vertically or across, then cast 
white clay paste into the mold, the seams are painted with a liquid 
glaze, and the resulting product will be an entire unbroken piece after 
firing. The other kind of porcelain body is called “round ware”. This 
includes various kinds of cups and dishes which are all daily necessi¬ 
ties. They take up ninety percent of all the porcelain made, while 
“pressed ware” takes up ten percent. To make “round ware”, a potter’s 
wheel must be set up first. The wheel revolves around a wooden axle 
which has been planted in the earth to three chi deep to insure its sta¬ 
bility, with the exposed part about two chi high. The vertical axle is 
mounted with two horizontal discs, one on the top and one at the bot¬ 
tom, which are turned from the rims by using short bamboo sticks. A 
mandrel made of sandalwood protrudes from the centre of the upper 
disc. 

There are no fixed molds for making cups and dishes. Place the 
clay paste over the mandrel that is made to revolve by turning the 
discs. The worker then presses his first finger with the nail clipped off, 
over the bottom of the clay, while the thumb lightly shapes the clay 
body as it revolves. Thus a cup or a bowl will be made. (Beginners are al¬ 
lowed to discard their spoiled cups and to make new cups with clay.) Porcelain 
made by experienced skillful makers is almost the same, even if they 
make a thousand cups or bowls, as though they had come out of the 
same mold. If small cups are to be made, the mandrel is used as it is. 
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If medium-sized dishes or large bowls are made, the mandrel is first 
enlarged with clay and used after it is dried. It is not necessary to add 
clay into the mandrel when making unbumt bricks for small utensils. 
Add clay to enlarge the mandrel when making medium and big bowls 
and wait until they are dry. Follow the same method to make medium 
and big bowls. Tirm them around and press for a short while on the 
mandrel, then dry them in the sun until there is a little moisture left, 
press on the mandrel again and dry them completely when they are 
white. After that, dip them in water and take them out quickly. Put 
them on the mandrel when they are a little dry, scrape the surface with 
a sharp knife twice. (If the worker holding a knife tremors a little, the final prod¬ 
ucts will be damaged after they are fired.) Put patch on gaps and turn on the 
wheel. Write some words or draw pictures on them immediately, then 
spray some water and glaze them. 

No blue coloring material is used for the glazing and painting of 
“crackled ware”, “Qianzhongsu”, or “brown cups”. To make a crack¬ 
led ware, the clay body is exposed directly to the sun after pol ishing 
with the knife until it is very hot and then is dipped once quickly in 
clear water, the resulting product will show crackled marks after firing. 
The “Qianzhongsu” ware is fashioned by very swift dotting of the sur¬ 
face with a liquid glaze, while the “brown cups” are prepared by brush¬ 
ing the clay surface with the boiled old tea-leave juice. (In Japan the 
crackled ware produced in the ancient times is extremely valuable. And the Japanese 
like to pay a thousand taels of silver to buy a genuine one. There is an ancient crack- 
led-ware incense burner, nobody knows when it was made, and on its bottom an iron 
nail is embedded which is still bright and not rusted.) 

In Jingdezhen the liquid glaze used for coating white porcelain 
ware is a mixture of water, the clay from Xiaogangzui, and the ashes of 
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the leaves from peach trees and bamboo, which looks like a clear rice 
broth. (The porcelain figurines made in Quanzhou are glazed with a mixture of ashes 
of pine leaves, water and clay, while nobody knows what materials are used to glaze the 
dark-blue colored porcelain in Chuzhou Prefecture.) The liquid glaze is placed 
in a large water jar. To glaze various types of wares, first put the liquid 
glaze into the inside of the wares, and shake them so that the interior 
of the wares can be glazed. Then smear, with fingers, a certain amount 
of the glaze to the rim of each ware, and the glaze will come down it¬ 
self and spread the entire surface. Blue glaze used for glazing bowls is 
made from pyrolusite. (Lacquerers/painters also use it as a colorant material when 
they heat tung oil.) This material can be obtained everywhere, in every 
province, near the earth * s surface, but not deep in the ground; and the 
deepest is about three chL However, it needs identifying as it can be 
divided into three grades, i.e. best, medium, and low grades. Before 
being used, it is calcined with charcoal fire first. The best grade mate¬ 
rial will turn dark green; the medium becomes light green while the low 
grade material turns brown. One jin of the best grade of the material 
can produce seven Hang of pyrolusite, while the medium and low grade 
of the material can produce less amount of pyrolusite. The decorating of 
the finest pieces of utensils and dragon and phoenix jars need the best 
grade of glaze, so the price for such a best grade of pyrolusite is twen¬ 
ty-four Hang of silver per dan. While the medium grade costs half of 
that price and low grade costs one third of that price. 

Of all the glazing materials used in Jingdezhen of the Raozhou 
Prefecture, those produced in the mountains of Quzhou in Zhejiang 
Province and Guangxin in Jiangxi Province are the best and are called 
zhe materials. The ones produced in Shanggao and other counties of 
Jiangxi Province are the medium grade, and the one produced in 
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Fengcheng in Jiangxi Province is the low grade. After being calcined, 
the glaze material is ground into fine powders in a mortar (The mortar 
should be rough at the bottom and not glazed) and then is mixed with water. 
Make the glaze black when grinding it and blue when burning it in a 
fire. To make a “purple-cloud” color crackled cup, first wet the ware 
with an aqueous solution of rouge, and then place it in a wire net for 
convenience in heating over a charcoal fire. After that, brush the ware 
once with a pad of cotton wetted with rouge, and the coloring effect is 
obtained. This kind of colored porcelain is called “Aiwm red” ware 
made by the very skillful coloring in conjunction with the slight roast¬ 
ing of a special kind of pre-fired ware. No cinnabar in the world can 
remain red after being fired. {*'Xuan red" is lost at the end of the Yuan Dynasty 
and is rediscovered when Emperor Zhengde was in power after many tests and trials). 
After the porcelain wares are colored and glazed, they are put, 
gently in hand, into box frames gently with hand (a slightly heavy push of 
the porcelain wares will damage them and they can not be recovered after being fired). 

The box frames are made of coarse clay. Every mud cake in it under¬ 
props an article of porcelain, and its hollow bottom is filled with sand, 
A saggar can only hold one big piece of porcelain but over ten small 
ones. Saggar of good quality can stand burning over ten times while low 
quality saggar will be destroyed after firing only once or twice. After 
the kiln is completely loaded with packed saggars, a fire is kindled. To¬ 
ward the top of the kiln there are twelve round holes, called skylights. 
The firing should continue for twenty-four hours. The first twenty hours 
include firing from the kiln door so that the heat rises from the bottom 
upward, the lighted wood is thrown in through the skylights and burned 
for four more hours so that the heat travels from the top downward. 
When they are in the burning kiln the porcelain pieces are soft like 
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cotton wool. To test the degree of firing, one article can be taken out of 
the kiln with a pair of iron forks, and the fire is stopped if the speci¬ 
men is heated enough. A portion of clay must pass through seventy-two 
procedures before it is made into a cup, excluding some minute details. 
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Supplements; Transmutation in Kilns, and Mohammedan Blue 

When Emperor Zhengde was in power, eunuchs were in charge of 
the production of porcelain used in the palace. At that time, the 
process of making Xuan red porcelain was lost and Xuan red porcelain 
could not be produced. Potters ran the risk of losing their lives. One of 
the potters jumped into a burning kiln and killed himself. Later he 
appeared in another person ’ s dream and disclosed the secret of the red 
color and that person could produce the Xuan red again. This piece of 
news was then spread widely and quickly and was known as 
transmutation in the kilns. Later some miracle-fanciers even said that 
the kiln produced strange objects such as deer, elephants, etc. What’s 
more, mohammedan blue is the “deep blue” glaze material of the 
Western Regions, the best quality of which is also called “Buddha’s 
head black”. The-top grade pyrolusite, after firing, is similar to the 
“deep blue” in color. It is not true that the “deep black” can retain its 
original color after being exposed to the intense heat of the porcelain 
kilns. 
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Chapter 12 


Calcination of Stones 

Songzi says that among the five elements, gold, wood, water, fire 
and earth, earth is the origin of all the living things on earth. Valuables 
obtained from earth are more than just metals. When metals and fire 
interact with each other and the metals melt, thus utensils can be 
made. Its use cannot be compared and surpassed. However, calcining 
non-metal ores can also have the same function. If water penetrates the 
hull of a ship, it will harm the ship. To make matters worse, water can 
enter any tiny crack, even as tiny as a hair. HdWever, filling the cracks 
with lime can prevent water from coming in. The ship can battle waves 
and travel overseas. Walls built by bricks which are made fi"om lime 
are very strong. The material can be got easily nearby. Therefore, cal¬ 
cining stones are very useful. Furthermore, the alum of five colors and 
the masterly qualities of sulphur result from the application of intense 
heat. Such skills climax in the distilling of litharge. However, even 
though alchemists boast laboriously, how can their ability match even 
one-thousandth of the power of nature? 



Lime 

Lime is made by calcining limestone. When lime becomes solid, it 
can not ever be damaged by water. Gaps in a large number of ships 
and walls must be filled with lime to prevent water from entering. 
There must be limestone within an area of a hundred /i, black-colored 
stones being the best, yellow stones and white stones the second. 





Burning coal cakes to make oyster ash 

























Removing oyster shells from rocks with mallet and chisel 
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Limestone is usually buried two or three chi underground. Dig it out 
and calcine it. But limestone weathered on the surface cannot be used. 
Fuel used to calcine limestone is mostly coal, which takes up ninety 
percent, while firewood takes up ten percent. First, mix coal with mud 
to form cakes, put a layer of stones between each two layers of cakes, 
put fuel at the bottom to light and fire it. The best one is called “mine 
lime” and the lowest grade is called “kiln dross”. A fire is lighted, and 
the stones are burned into pieces, place these pieces in a windy place, 
and they will become powder over time. If it is needed urgently, water 
them and they will become powder. 

To fill the gaps in ships, the lime has to be mixed with tung oil or 
fish oil. Place them on thick silk pongee or thin silk gauze and mix 
with oil, strike with a pestle a thousand times. Then it is ready to fill 
the gaps. When building walls with lime, screen stones out and mix 
with water to make it sticky. When painting utensils, use putty. If polish¬ 
ing walls with lime powder, clarify lime with water. Then it is ready for 
use after paper fibre is added. When mending tombs and reservoirs, 
add one share of lime and two shares of fluvial sand and loess, mix 
with sticky rice paste and carambola vine water equally, press the mix¬ 
ture gently and it will be strong enough to last forever. This is called 
tri-mixture mud. Lime is also indispensable in making crude indigo and 
paper, so it is widely used. Some stones in Wenzhou and Taizhou in 
Zhejiang Province and coastal areas of Fujian and Guangdong 
provinces can not be used to make lime, but the oyster shells that 
forms naturally can be used as a substitute. 
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Oyster Ash 

On the rocky hills near the seashore, as a result of the perennial 
lapping and pressing of waves, oyster houses form. As time goes on, 
oyster houses will grow several zhang in length and several acres in 
width. They are rugged and look like fake rocky hills. Clams and the 
like are pushed onto the rocks and slowly become meatballs and are 
very delicious. People who bum oyster ash hold a mallet and a chisel 
in each hand and wade through the water to get to an oyster house. 
(Oysters sold in drugstores are pieces of oyster houses.) Pile COal and bum oyster 
shells using the same method as calcining lime. Build walls and 
bridges using oyster ash or make ships by mixing it with tung oil. It has 
the same function as lime. Some people mistake clam ash for oyster 
ash, because they don ’ t know how they are formed. 

Coal 

For the purpose of melting and calcinating gold and stone, coal 
which is obtainable everywhere in China is used. There is coal beneath 
mountains without grass and trees on them in the South and in the 
North. There are three kinds of coal, that is, bright coal, conny, and 
slack coal. Blocks of bright coal are as big as dou which are produced 
in Hebei, Shandong, Shaanxi and Shanxi provinces. It is not necessary 
to blast them with bellows. Light them up with a little firewood and 
they will keep burning fiercely for a whole day without dying out. Frag¬ 
ments of the coal can be mixed with clay water and clean loess to 
make cakes for fuel. There are two kinds of conny which are mostly 
produced in Wu and the locality of Chu. Of the two kinds, the one with 
a high flame is called food coal used in cooking. The other one with a 
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Burning copper coal for black vitrio 
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low flame is called iron coal, and is used in smelting and forging met¬ 
als. This kind of coal has to be wet before being put in furnaces and 
must be blasted with bellows so that it can be heated to red. Keep 
adding coal to keep it burning. Slack coal is powder, just like flour, 
and is called “automatic wind”. Mix it with miid and water, make it 
into cakes to put in the stove for burning. When it bums, it doesn’t 
stop burning, which is the same as bright coal. Half of the slack coal is 
used to cook and half is used to smelt copper, calcine stones and melt 
vermilion. As for smelting lime, alum and sulphur, all of the three 
kinds of coal can be used. 

People who have excavated coal for a long time can tell j&rom the 
surface of the ground if there is coal underground. Dig five zhang deep, 
and you can get coal. As soon as the coal is exposed, it will burst out 
with a poisonous gas which is dangerous to people. Therefore, some 
people hollow out a large bamboo and sharpen one end to plug into the 
coal, the poisonous gas will come out through the bamboo. Then, peo¬ 
ple can excavate the coal safely with a big hoe. If the vein of coal ex¬ 
tends vertically and horizontally, people can excavate along the vein, 
with timber built overhead in the mine to prevent collapse. 

After the coal has been exhausted, fill the coal mine with earth. 
People once thought it would grow out coal again after twenty or thirty 
years. This is not reasonable. At the bottom and around the mine, there 
are pebbles which are called copper charcoal. They can be used to 
bum black vitriol and sulphur. These pebbles are stinky and are called 
stinky coal. Places like Fangshan and Gu’an near Beijing and Jingzhou 
of Huguang and so on have this kind of coal. There is nothing left 
after it is burned. This means that it is a special manifestation of 
Nature placed between the species of metal and that of earth and stone. 
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It is a clever arrangement by Nature that coal is not produced in places 
where grass and wood abound. In cooking, the only drawback of coal is 
that it cannot be used to make bean curds (bean curds made with coal are bit¬ 
ter). 


Alum Stone and Alum 

Alum is made by calcining stones. Alum can be found everywhere, 
and Jinzhou of Shanxi Province and Wuweizhou of Nanzhili have the 
most. It is very cheap, and similar to gypsum. When the water is boil¬ 
ing, put the alum in, and the alum will dissolve in the water. When 
dyeing things with the solution, the color will cling to the surface, and 
the things will be waterproof. So alum is indispensable when making 
candy and confection and dyeing drawing paper and red paper. 
When made into dry powder, alum is effective in removing impurities 
and watery infections, and is therefore much needed by eczema suffer¬ 
ers. 

When making alum, dig deep to get alum stone. Pile coal cakes 
and stones one after another and heat them. When they are heated 
enough, cool them completely and put them into water. Heat and boil 
the solution; what splashes out of the boiler is white alum with a popu¬ 
lar name, butterfly alum. Roast the solution until it is dense; pour it in¬ 
to a water cylinder to settle it. The pretty white coagulation on the sur¬ 
face is called hanging alum, the sediment is called vat alum, and the 
one as light as cotton is called catkin. When the solution in the boiler 
is evaporated, the leftover sediment at the bottom is Bashi (Sichuan 
stone) which is as white as snow. Alum that has been used by al¬ 
chemists and herbalists to make drugs is called dry alum. 
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Black Vitriol, Red Vitriol, Yellow Vitriol and Gall Vitriol 

Black vitriol, red vitriol,and yellow vitriol are all variations of the 
same material. Dig pebbles on the surface of coal tier (whose popular name 
is copper charcoal). Put five hundred jin of copper charcoal into a furnace 
each time, cover these pebbles with over a thousand jin of coal cakes 
(called "automatic wind" that needs no bellowing). Build a mud-brick wall Out¬ 
side surrounding the furnace, leaving a round hole about the size of the 
mouth of a bowl to let the flames out, cover the side of the hole with a 
thick vein of waste of burning alum. (It is not clear when this method began. 
And if it is a new furnace, covering the hole with waste is necessary.) Light Up the 
furnace from the bottom and put it out until after ten days. There will 
be golden flames coming out of the hole from time to time, just like 
burning sulphur (for making sulphur, see below). 

After ten days of burning, the calcinated products are taken out 
after they have completely cooled. The half-crumbling fragments, called 
“time vitriol”, are selected and put aside for the making of red vitriol. 
The fine, lime-like powder is then put in water for six hours in a large 
jar, and then it is boiled in a pot. When the volume of every ten dan of 
solution, by boiling, is reduced to one dan, and to this stage heating is 
considered enough. After it is dried in the pot, the substance condens¬ 
ing on the surface is the best black vitriol. Usually two hundred jin of 
black vitriol can be produced from the burning of every five hundred 
jin of copper charcoal. The selected time vitriol (also called chicken-drop¬ 
ping vitriol) that has been put aside, is mixed with earth at a ratio of a 
jin of time vitriol with four liang of earth. And they are boiled in a pot; 
thus red vitriol can be obtained. Plasterers and vamish-painters use red 
vitriol frequently. 
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The making of yellow vitriol is more peculiar. The source material 
is the earth of the wall beside the furnace and is used to calcine black 
vitriol. As a result of fire, when people calcine red vitriol during spring 
and summer, yellow vitriol appears on the earth wall naturally from the 
Frost’s Descent and the Beginning of Winter on, just like saltpeter on 
the brick wall in Huaibei. Scrape it down and it can be used in dyeing 
houses. Articles painted light golden with yellow vitriol will turn purple 
as soon as it is heated on fire. There is another kind of vitriol from 
abroad. Break it and there is spun gold in it, called “Persian vitriol”. 

In Shanxi and Shaanxi, on the mountains where sulphur is cal¬ 
cined, some effective components of the waste will flow into the moun¬ 
tain trench when it rains. They will form naturally black vitriol after 
two or three years. It can be sold and used directly without decoction. 
Some people think the good one is a counterfeit of the black vitriol. 
Black vitriol is also formed in Jinzhou and Xizhou in Shanxi Province. 
It is formed in stone caverns by itself, and as a result it is green with 
luster. Dip burning hot iron articles in black vitriol water, and they will 
become copper. Although there are five kinds of alum and vitriol 
recorded in the Compendium of Materia Medica, not all the details are 
included. Both *'Kun-lun vitriol”, shaped like black mud, and 
“red Kaolin f shaped like “iron vitriol”, are produced in northwestern 
areas. 


Sulphur 

Sulphur is the coagulation of the liquid fiom calcining ore. Half of 
the ore used to calcine sulphur is from white stone in local areas, half 
is from stones which are used to calcine black vitriol in pebbles of the 
coal tier. Some people mistakenly say that there must be sulphur where 
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there are hot springs. However, there is sulphur in Fujian and 
Guangdong but no hot springs, because the spring water smells like sul¬ 
phur. 

Ores used to calcine sulphur and pebbles in the coal vein are of 
the same shape. Dig the ore, cover it with coal cakes and pile it up, 
build a furnace with mud outside. Put one thousand jin of coal and one 
thousand jin of ore in the furnace, cover the top of the furnace with 
waste dross with top hunches in the middle and open a round hole in 
it. When the fire in the furnace is raging, there will be golden flames 
and vapor coming out of the hole. A porcelain bowl has been previously 
prepared, which rises in the center and has a rim that is turned over 
like a bag. This bowl is now placed on the hole of the furnace. When 
the essence of the sulphur stone is heated, it escapes in the form of a 
yellow vapor. This being stopped by the bowl, the yellow vapor then 
turns into liquid form, adheres to the bottom of the bowl, and flows into 
the baglike rim from which it flows through a small aperture into a clay 
pipe and thence into a small tank where it crystallized into sulphur. 

When calcining black vitriol with pebbles in the coal vein, cover 
the top in the same method used to get sulphur when the yellow vapor 
comes up. Getting one jin of sulphur will reduce black vitriol by more 
than thirty jin. When components in vitriol turn into sulphur, what is 
left becomes the waste. Among the source materials of the gunpowder, 
sulphur is pure positive {yang) and saltpeter is pure negative {yin). 
Combine the two, and there will be sound and change. This is magic 
made by the power of pure positive and pure negative. There is no sul¬ 
phur produced in the north where minorities live. Even if there is sul¬ 
phur, they don’t know how to calcine it. Novel cannons were also in¬ 
vented in the Western countries, which proves that sulphur is produced 
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Production of arsenic through calcinations of minerals 
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everywhere in the East and West, over a distance of tens of hundreds 
of li. The “native sulphur” in Ryukyu Islands and the “water sulphur” in 
Guangdong Province are only false records in books. 

Arsenic Stones 

The source material of arsenic is arsenic stones, which are like 
mud, but harder than mud, and like stones, but brittler than stones. 
They can be obtained by digging the earth several chi deep. There are 
arsenic wells in Guangxin in Jiangxi Province and Xinyang in Henan 
Province, so they are called “ the Xin stones”. Recently, only 
Hengyang produces the most amount of arsenic, with one factory pro¬ 
ducing ten thousand jin a year! In arsenic wells, there is green turbid 
water on the surface. Pump the water out thoroughly first and then go 
down into the wells to dig out the arsenic stones. There are two kinds 
of arsenic, red arsenic and white arsenic, which are made from red and 
white arsenic stones respectively. 

To make arsenic, first dig a kiln in the ground and put arsenic 
stones in it. Then fix a winding chimney on the top and cover the 
chimney with an upsidedown iron pot. After that light firewood at the 
bottom. Fumes will go through the chimney and cling to the pot. When 
the condensed layer is estimated to be one cun thick, extinguish the 
fire. After this layer is completely cold, start the fire again. Repeat the 
process several times, and there will be several layers. The iron pot is 
then taken down, broken apart, and arsenic is obtained. The little bits 
of iron we see in the arsenic at the bottom of the pot are the fragments 
from the broken pot. This is the only way to make white arsenic, but 
there is another way to calcine red arsenic. That is, when calcining sil¬ 
ver-copper ore which contains arsenic in a refining furnace, there are 
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fumes coming out. When the fumes coagulate, red arsenic is obtained. 

When calcining arsenic, the operators must stand more than ten 
zhang away from windward side of the kiln. Trees and grass on the lee¬ 
ward side of the kiln will die. The operators have to change their pro¬ 
fession after two years, otherwise all their beards and hair will fall out. 
Eating a little bit of it will cause death. However, its annual sale 
amounts to tens of thousands of liang of silver without any stock, this is 
because bean seeds and wheat seeds in Shemxi Province should be 
mixed with arsenic to protect them. Moreover, arsenic can be used to 
get rid of ground squirrels. In Ningbo and Shaoxing in Zhejiang 
Province, rice seedlings in the rice fields have to be dipped with ar¬ 
senic in order to get a good harvest. Otherwise, there is little need for 
arsenic for making gunpowder and dyeing copper to a whitish color. 
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Chapter 13 
Paper Making 

Songzi says that the descendents are able to leam and understand 
the essence of the world and incredible wonders of nature through 
reading, which has been passed down from ancient times till now, from 
the Central Plains to the border areas. However, what materials were 
used for the recording? How much information could be delivered be¬ 
tween lord and liegeman, or teacher and student if we just depended on 
the spoken languages? But by using a piece of paper or half a volume 
of writing, teaching can be achieved and government orders can be 
carried out very easily. There is a kind of paper known as Mr. Zhu’s 
paper across the country. It is beneficial to everyone no matter whether 
he is smart or not. Paper is made from bamboo sticks and cortices 
whose green barks are removed to make white paper. Thousands of vol¬ 
umes of books of specialists and schools of thought are handed down by 
paper. The refined paper is used for this purpose, while the rough is for 
window stuffing and wrapping. Paper making originated in ancient 
times, while some believe it was invented by some individuals in the 
Han or Jin Dynasty. What a naive opinion it is! 
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Raw Materials for Making Paper 

There are different types of paper. Bark paper is made from the 
bark of the paper-mulberry trees (called “grain trees”), silk-mulberry fibre, 
or cotton rose hibiscus. Bamboo paper is made from bamboo fibre. Re- 
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fined paper is incredibly white and used in writing, printing, and writ¬ 
ing letters. The rough paper is used as paper of burnt offerings or 
wrapping paper, the so-called ‘^Skaqing” refers to the chopping down of 
the bamboo plants; “Hanging” refers to cooking and straining the bam¬ 
boo fibre, and “Jian” refers to the finished paper. “Jian” therefore were 
made by cooking the bamboo. However in later ages, people mistakenly 
thought that the “Jian” meant pieces of bamboo slats and thus got at 
the wrong conclusion that the term “Weibian” is actually attaching 
leather pieces onto chopped bamboos. Before the first emperor of the 
Qin Dynasty ordered to bum the existing books there were already lots 
of books. If we made records with bamboo pieces, how many could be 
recorded? In addition, it was said countries in the west made paper out 
of palm leaves, and some Chinese believe that the leaves can be used 
to write Buddhist scriptures. They all ignore the fact that the leaves 
wither easily. Hence this saying is as ridiculous as the idea of books 
made of bamboo slats. 
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Making Bamboo Paper 

Bamboo paper making prevails in the south, and it is mostly popu¬ 
lar in Fujian Province. People would observe the growing of bamboo 
shoots and select those shoots with branches and leaves as the best ma¬ 
terial for making paper. Around Grain in Beard, they chop down bam¬ 
boos in the mountains. Bamboo sticks are chopped up to 5-7 chi. They 
would dig a pool on the spot and fill it with water for retting. To pre¬ 
vent a pool from drying up, a bamboo pipe is used to carry water flow¬ 
ing down from the mountain top. After 100 days, the bamboo is taken 
from the pool for further processing and the rind and green skins 
are removed by washing (This process is called killing the green). Bamboo 
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fibre resembles the shape of ramie. Then paint bamboos with the best 
lime milk and boil in a big barrel for 8 days and nights. 

The diameter of the cauldron should be 4 chi long, and its edges 
fixed with mud and lime. Its height and width are similar to the tub for 
boiling salt in Guangdong Province, with a capacity of over 10 dan of 
water. The cauldron is covered with a big barrel containing all sorts of 
bamboo materials, whose circle is of one zhang and five chi , and whose 
diameter is over 4 chL The boiling is finished in 8 days. Then wait one 
more day before taking the bamboo materials out of the big barrel and 
washing them with fresh water in the pool. The bottom and sides of the 
pool are well-built with wood blocks without any gaps so as to prevent 
it from mud. (To make coarse paper, this process is not necessary.) After wash¬ 
ing, soak materials with water mixed with firewood ash. Then press it 
neatly in the cauldron, spread haulm ash on it about a cun thick. After 
it is boiled, put the materials into another big barrel and drench with 
water mixed with ash. Wait until it cools down, repeat boiling and 
drenching continuously for over ten days. The bamboo pulps will rot 
naturally. It is then taken out to be pounded in a mortar until it turns 
to dough. 

The shape of the pulp tank is a square framework. The size of the 
tank is determined by the size of the paper-making screen to be used, 
which in turn is determined by the size of the paper sheets to be made. 
When the bamboo materials are processed, fill the tank with clean wa¬ 
ter and then a chemical solution is added (which seems like leaves of peach- 
bamboo, with different names in different places). This chemical solution can 
bleach the paper sheets to a white color when the paper is dry. Paper¬ 
making screen is made of bamboo filament scrapped and rubbed to be 
very thin and, when spread, it is supported by a rectangular frame un- 
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demeath. The worker has to hold the screen with both hands and puts 
it into the paper pulpy water and the bamboo fibres in the pulp tank so 
that some of the latter remains on top of the screen. The thickness of 
the paper depends on how the screen is manipulated. Often a shallow 
submerging results in a piece of thin paper, while a deeper dipping 
makes a thick one. When bamboo materials float on the screen, water 
will flow into the tank from all around the screen’s edges. Then the 
screen is inverted and the paper is made to fall on the wooden board 
and pile up to thousands. When the number is enough, put a board on 
top of the wet paper, tie it with ropes and insert a stick, in order to 
squeeze the water out of the paper just like a wine press which can 
squeeze wine. And then expose it and bake it piece by piece with a 
small copper tweezer. To dry paper, a double wall of bricks is built. 
The ground between the two rows should be covered by bricks. In the 
bottom of the wall, holes are left by the spaced omission of bricks. 
When a fire is lighted at the first hole, the heat will travel through the 
apertures and spread to the wall surfaces where the bricks will become 
hot. The wet sheets of paper are spread onto the wall piece by piece, 
baked dry, and then taken off as finished products. 

In recent ages there is a wide-size paper, known as “Large Four¬ 
fold” which is highly valued as writing paper. To make new paper with 
used and waste paper, first wash off the ink and colors of the paper, 
and then put the paper in water. The paper is melted to pulp when it 
soaks in water and is transferred to the pulp tank for the purpose of 
making new paper. This procedure of paper making not only reduces 
the expensive operations of cooking and straining, but also wastes 
very little. Southern people look down upon this method, because bam¬ 
boo is abundant and cheap there. While in the north the small piece of 
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paper will not be wasted and will be used to make new paper again, 
which is called “ Paper revived from Death”. When making paper, 
people use the same method, whether making bamboo paper or bark 
paper, refined paper or coarse paper. As to the making of bumt-offering 
pajjer and coarse paper, the process of cutting down the bamboo, cook¬ 
ing and straining the fibres with ash solutions and washing the fibres 
with water, are the same as discussed before. Wet paper, however, is 
not baked dry after the sheets are taken off the screen, but are first 
pressed to remove the excess water and then dried in the sun. 

The “bumt-offering” paper is so-called because during the Tang 
Dynasty, people were much concerned about rebgious worship. They 
bum large amounts of sacrificial paper money instead of “burnt silk”. 
(People in North China make such money by cutting paper into strips, which is called 
“cut money”,) Around Hubei and Hunan a custom prevailed recently, i. 
e., a thousand jin of paper or more are wastefuUy burned. Seventy 
percent of this paper is used for burnt offerings and thirty percent for 
daily use. The coarsest and thickest is paper called wrapping paper, 
which is produced with a mixture of bamboo fibres and rice stalks. As 
to the paper for invitations made in Qianshan area of Jiangxi Province, 
it is all made from sliced bamboo and thickened in order to make 
more profit. The best of it is called the official invitation paper and is 
used as business card among the rich. The paper is thick and solid. 
When in red color, it can be used for invitations to happy occasions. 
It is first treated with alum water and then dyed red with safflower 
juice. 


Making Bark Paper 

In the season of late spring and early summer, people strip the 































Drying paper sheets 
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bark from trees. For old trees, cut it near the root and cover it with 
mud. When it grows in the next year, the bark will be better. To make 
bark paper, 60 jin of paper mulberry bark and 40 jin of tender bamboo 
are first mixed together in the pond and covered with lime juice, and 
then boiled in a pot and finally turned to pulp. In order to be economi¬ 
cal, recently some people use 70% bark and bamboo and 30% rice 
stalks to make bark paper. After some suiteible chemicals are added, 
however, white paper can be obtained. The strong bark paper will show 
ragged ends like cotton fibres, therefore it is called “cotton paper”. It is 
difficult to tear this paper crosswise. The best grade of the paper is 
used to paper the windows of the Imperial Palaces and is called “win¬ 
dow gauze” paper. This kind of paper is made in Guangxin Prefecture 
and it is 7 chi long and 4 chi wide. It is dyed in various colors by 
adding coloring materials to the pulp tank. Dyeing is done before the 
sheets have been formed. The second is the “fourfold” paper, of which 
the whitest is called red “superior” paper. The bark paper made from a 
mixture of bark, bamboo and rice stalks, is called “document” paper. 

Another kind of paper, made from the barks of cotton rose hibis¬ 
cus stems, is called “small bark” paper, but in Jiangxi Province it is 
called “middle” paper. The paper made in Henan Province, whose ma¬ 
terials are unknown, is sent to Beijing for use. It has a mass produc¬ 
tion. Another kind of paper made from Cortex mori is called mulberry 
paper, which is very thick. Mulberry paper produced in the east of 
Zhejiang Province is required for collecting silkworm eggs in Suzhou, 
Changzhou, and Huzhou. “Small bark” paper is used for producing 
umbrellas and oil-paper fans. If wide bark paper is needed, the paper 
channel containing sizing materials must be wide. Large paper curtains 
cannot be lifted by only one person. Two persons are needed. And sev- 
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eral people are needed for tissue paper. When used for painting, bark 
paper is first sized with alum water to eliminate fluff from the surface. 
The side sheet which adheres to the screen is considered the right side, 
as the texture of the free side is inevitably rougher even though the 
pulp has been reduced to a state as fine as clay. 

It is not known what materials are used to make “white-hammered 
paper” in Korea. But in Japan, paper is made without the use of 
screens. They use the following method: after the materials are well 
cooked, they put a large blue stone on the heated brick bed, below 
which a strong lire is burning to heat the stone. Then they dip a brush 
into the paper pulps and brush them onto the stone thinly. Surprisingly 
a piece of paper is produced. Shortly afterwards, it dries and becomes a 
sheet of paper which can be easily lifted. It is not known whether the 
same method is used in Korea or in China. The paste-impregnated pa¬ 
per of Yongjia is also made from silk-mulberry fibres while the Xuetao 
Paper in Sichuan Province is made from cotton rose hibiscus skin. To 
make it, the bark from hibiscus is cooked to a pulp, then the aqueous 
extract of powdered hibiscus flower petals is added. Maybe this kind of 
paper making was invented by Xuetao then, so he is remembered. Its 
beauty lies not in its quality but in the beauty of the material. 
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Chapter 14 


Cinnabar and Ink 

Songzi says that ancient cultural heritage will never perish from 
the earth due to the records by paper, brush pen and ink with an in¬ 
comparable effect. The material for ink is in the black smoke from the 
burning of deal and tung oil. The material for writing and painting shall 
be obtained after the white mercury is burned and refined into red 
cinnabar. It is really amazing after the material is burned. The five col¬ 
or documents of state issued by the central government, make the sig¬ 
nificant orders delivered because the emperor signs the black charac¬ 
ters of the order by using the brush pen with red ink. To take notes 
with red ink while reading books makes the excellent works more bril¬ 
liant. These are the treasures that belong to a study where there is no 
room for pearls and gems. How can the bead or jade compare with 
them? The painters paint various paintings by using ink only or the 
mixture of cinnabar, ink and other dyes. The producing of cinnabar and 
other dyes must depend on the power of water and fire and reveal the 
changes of five elements. No one can fulfill this without the use of 
these natural resources in a flexible way. 

Cinnabar 

Cinnabar, mercury and mercuric cinnabar are originally the same 
materials. They have different names due to the differences between the 
old and the young, the fine and the coarse. The top-class cinnabar ore 
is produced in Chenzhou, Jinzhou and Sichuan Province, and contains 
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Grinding and hydraulic classification of mercury ore 
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mercury, but cannot be used for producing mercury, because the price 
of the high-quality ore used in polishing arrowheads, mirrors and the 
like, in the cinnabar is three times higher than mercury. Thus good 
cinnabar would be chosen for selling instead of refining mercury that 
can be sold at low prices. Only the coarse red cinnabar shall be used 
for refining mercury, which then shall be refined to red cinnabar. 

The first-class cinnabar ore can be obtained by digging more than 
10 zhang below the earth’s surface. The first appearance of its seam 
looks like white stones, which is called cinnabar bed. Some pieces of 
cinnabar ore near the mine bed are as big as hen’s eggs. The inferior 
cinnabar is not appropriate for making medicine. But it is only suitable 
for rubbing and refining mercury. The seedling of inferior cinnabar is 
not always the white stones and can be got by digging several zhang 
below the earth’s siuface. The outside of the cinnabar bed is mixed 
with dark or yellow stones or sand and piled completely under the 
earth, the sand outside is always cracked automatically. This type of 
cinnabar is mainly produced in Si’nan, Yinjiang and Tongren, in 
Guizhou Province. It is also produced in Shangxian, Shaanxi Province 
and Qinzhou, Gansu Province. If the ores in the pits are all white, fine 
and young ores while mining inferior cinnabar, they can be used exclu¬ 
sively for making mercury, but not be ground into cinnabar. K the 
quality of the ore is young but shining with red light, it will be fetched 
and put into big metal trough to be ground into a thin powder and fi¬ 
nally dipped in a crock and cleaned with clean water. After three days 
and nights, the material floating on the top of the water will be scooped 
into another trough and called second-class cinnabar, the one that sinks 
to the bottom is dried and called first-class cinnabar. 

White and young inferior cinnabars are used for refining mercury. 
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Second-class cinnabar scooped from the crock can also be mixed with 
water and twisted into thick sticks to refine mercury. Every 30 jin are 
put into one pot to refine mercury and the charcoal needed for this is 
also 30 jin. The pot is covered with a smaller pot with a slot in the 
center and salted mud enveloped tightly around it. The slot is connect¬ 
ed with a bent metal pipe which is twisted with a hemp rope and en¬ 
veloped with salted mud. One end of the bent pipe is inserted into the 
pot and enveloped tightly and densely (the inserted part should be tightly 
sealed). The other end is inserted into the jar with two bottles of water, 
and the air in the pot is refrigerated when it reaches the water in the 
jar. With five hours’ heating, the cinnabar inside the pot will have 
turned into mercury around the wall of the pot. It can be swept down 
after cooling down for one day. This procedure with extremely occult 
principles displays the whole mystery of the changes of nature. 

Some cinnabar is re-refined from mercury, so it is called “mer¬ 
curic cinnabar”. This is usually produced by burning and refining mer¬ 
cury either in an open-mouthed mud-jar or in two pots with one above 
the other. Every jin of mercury is mixed with two jin of red sulphur 
stones (from which sulphur is made). Then they will be put together for 
grinding until the drops of mercury disappear and finally be roasted to 
green kernels and put into the jar with a metal tray above which is 
pressed by a metal ruler. The metal tray and the bottom of the jar are 
tied tightly together and all the seams are enveloped with salted mud. 
The jar is supported by three metal sticks inserted into the ground and 
then heated with fire far about the duration of the complete burning of 
three sticks of incense. Light the fire and it takes about 3 hours. Dur¬ 
ing this period the metal tray is constantly dripped with cold water from 
ropey writing brush so that the “mercuric cinnabar” powder will natu- 
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Making cinnabar through sublimation of mercury with sulphur 
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rally stick on the inner wall of the jar and the “mercuric cinnabar” 
stuck on the jar mouth is much brighter. After cooling, the “mercuric 
cinnabar” can be swept down and the metal tray can be taken off. The 
sulphur that sinks to the bottom of the jar can be used again. Every jin 
of mercury can be refined into 14 liang of “mercuric cinnabar” and 3.5 
liang of second-class cinnabar as the extra quantity is realized from the 
sulphur. 

Artificially-refined “mercuric cinnabar” enjoys a similar function to 
the naturally ground cinnabar. However the royal and noble families 
use the powder ground from dan cinnabar that is originally from Chen- 
zhou and Jinzhou. The cinnabar in this study is made from glue in a 
bar shape, and the red color can be revealed after being ground on the 
inkstone. It will be turned into black ink if it is ground on a tin ink- 
stone. Painters can make the color brighter by mixing the cinnabar with 
tung oil when painting on lacquer. On the other hand, the color will be 
dark if the lacquer is mixed with oil paint. Mercury and “mercuric 
cinnabar” cannot be made from other materials. Therefore, the saying 
that mercury is obtainable from the sea or a certain grass is absolute 
nonsense which only the alchemists and the gullible believed. When 
mercury is turned into “mercuric cinnabar”, it can not be returned to 
mercury any longer, because the wonders of nature are exhausted at 
this point. 
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Making Ink 

Ink is made from lampblack. One tenth of the ink production is 
made from tung oil, colza oil, lard, and nine-tenths are made from 
burning pinewood. The making of precious ink was prevalent in 
Huizhou in Anhui Province in the Ming Dynasty. Concerning the diffi- 
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culties of transporting tung oil, people were sent to reside in Jiangling, 
and Xiangyang in Hubei Province, and Chenxi and Yuanling in Hunan 
Province where they can buy tung oil at a low price and return with 
lampblack made on the spot. When used for writing on paper, if the 
black ink shows a shade of red when it is placed in the slanting sun¬ 
light, the lamp-wick used in making lampblack was first soaked in the 
juice of Lithospermum officinale before it was burned. After burning, 
one jin of tung oil will produce more than one liang of good-quality 
lampblack. Skillful workers can handle two hundred such lamps. If 
workers are slow in collecting the lampblack, the soot may ignite under 
the heat of the lamps, resulting in the loss of both the raw materials 
and the product. The rest of ordinary inks are all made from burning 
pinewood. Let all the rosin oil of pine trees drain out before felling the 
trees. To drain the rosin oil, workers make a hole in the root, light a 
lamp to warm the tree so that all the rosin oil in the tree comes. 

The pine tree is felled and sawed into pieces for burning. For 
making pinewood lampblack, pinewood sticks are used to build a 
chamber with a round roof made of bamboo sticks, whose appearance is 
bke the rain-shield of a small boat. Then, it is connected one by one in 
more than 10 zhang long. The external and internal surfaces of this 
chamber and the connecting joints are all securely pasted with paper 
and matting, but small holes are made at certain distances for emitting 
smoke. The place connecting the chamber and the earth should be 
covered with mud. In addition, the holes emitting smoke should be 
built by bricks built up in layers. The cut pinewood should be burned 
in the sheds for several days. Then stop burning, sweep and scrape the 
pine-soot after the pinewood becomes cool. When burning the pine- 
soot, both lighting the pinewood and emitting smoke must be started in 
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Removing resin from pine tree 
Making pinewood lampblack 
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the first shed, and the operation goes on one by one until the last shed. 
The “pure soot” produced in the last and the second from the last shed 
is the raw material used to make quality ink. The lampblack gotten 
from the middle parts is of “mixed” quality and used as ordinary ink. 
That from the first one or two parts, however, is scraped and sold only 
as inferior lampblack, it is further pounded and ground by printers and 
used in printing books. In addition, lacquer workers and plasterers also 
use the coarse grade as black paint. 

Put the pinewood lampblack which has been used for making ink 
into water and soak it for a long time. The fine pine-soot and coarse 
pine-soot can be distinguished by the floating condition. Hit the mixed 
solid pine-soot and glue with a hammer, and the firm and the fragile 
can be distinguished by the times of hit. As for adding precious materi¬ 
als into ink or gilding golden words or filling with musk, the amount of 
pine-soot and lampblack can be put at one ’ s ease. All the other things 
have been recorded in the Mojing {Ink Classic)^ Mopu {Categories of Ink), 
Readers who want to know more can refer to them. This record here is 
just a general description about raw materials and the production 
method. 



Supplement: Varieties of Colors 

The color of white lead powder is the whitest. Details are in “Met¬ 
allurgy”. 

Litharge is reddish-yellow. See “Metallurgy” for details. 

Indigo is pure blue. Details are in “Dyes”. 

Purple powder is red, the valuable type is obtained by mixing e- 
qual parts of white lead powder and “mercuric cinnabar”, while that of 
coarser quality is made with the safflower juice used by the dyeing 




X 


+ 

m 


t 



liiS:] 

±m-. MWfe, # <«i> #o 

M»fe, B§»«±, «*iitrt, 

K, m^n^o 

w ms.} #o 

ftifC: laafe, iit^iijfW;^, 

l^m] 

mM4r, i^Jl (3^^) to 

;sm: ^JL ms} to 

»kL^, tadi^KSrfAf^ii^t^o 

fYtAt^o 

tto 


424 


houses. 

Deep blue has a dark blue color, see “Pearls and Gems” for de¬ 
tails. 

Copper green is a deep green color, derived from yellow copper 
sheets which are painted with vinegar and covered with chaff. The 
whole thing is slightly heated, and the copper green formed on the met¬ 
al surface is scraped off every day. 

For stone green, see “Pearls and Gems” for details. 

Ochre is orange red, found mostly in mountains, but those of Dai 
County in Shanxi Province are the best in quality. 

Orpiment, also called “yellow-stone-kemel,” is found inside rocks 
that have purple exteriors, but are yellow in the middle. 
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Chapter IS 


Boats and Carts 

Songzi says that the society is formed and maintained by the mo- 
bility of different groups of people, goods and services firom different 
places. Indeed, if people cooped themselves in their own homes, with¬ 
out any new contacts, how could it be possible for the society to come 
into being? Decent people would always like to travel around, but they 
might be set back by the long, tiring journey; some cheap goods are 
necessary for everyday life, but are scarce in the local area and have to 
be transported from other places. Almost anything from the journey to 
the transport can hardly be achieved without carts, boats and other 
means of transport. In our country, people in the South rely heavily on 
boats and in the North on carts. The capital city enjoys great prosperity 
from travel and trade between different parts of the country. Why 
shouldn’t the first life who started building boats and carts receive 
their due respect? In my opinion, the boatman, who has spent many 
years of his life traveling on the sea and can now take ease on the 
bumpy waves as if he were on the flat land, bears no difference from 
the great Taoist Liezi who was said to have the capacity to fly with the 
wind. By the same token, it is perfectly right to regard people like Xi 
Zhong—who made the first cart—as great saints. 
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Boats 

Since the advent of boats, there have been tens of hundreds of 
ways to crown them with different names, including those referring to 



* 

I 


$ 

+ 

s 


#»J*L?f«ro ^M*giljH:t4’. ffiiiL#-ntJ^:l^. 

««LSLffiMB<. mmm^^x, 

m 



/lmW^^she, ^mm 

¥ 

i^m] 

0)^464^11), 

^i±>5i5|rl4E6^/v-^>'>t*S!lii>f46, 

OiSiLt, + 

#o 


428 




So >L40Si —4^a;& , y:i. ^ 

■ 1 ^, 4c*4f«]-tL;?.il#, -Si 

«, jte^±6 ^rfh-h-, MAAf.0 ^ 


their shape (such as“sea eel”, “river flounder”, “mountain shuttle” and so on), vol¬ 
ume, and material, to name just a few. Those who have been to coastal 
areas can see giant ocean-going ships, and those who live by great 
rivers and canals can see canal boats, but those who are restricted to 
mountainous areas or spend their whole lives in the plains can see no 
more than small ferries and rafts. Elaborated below are only several 
types of boat, since the rest can all be derived from these typical 
models. 


Grain Boats 

The capital city is the place where people and soldiers congre¬ 
gate, which must be supplied with sufficient goods from different parts 
of the country. Because of this, the need of grain boats arises. The 
Yuan Dynasty unified the entire country and chose Beijing as its capi¬ 
tal city, then called Dadu. The popular marine route was a south-north 
path, starting from Liujia Harbour in Suzhou and Huangliansha in 
Haimen to Tianjin in the north, all using large sea-going vessels. The 
popularity was stiU present during the Yongle Reign until it was re¬ 
placed by river transport, due to various risks on the sea. In 1403, 
Chen Xuan, a military transportation officer, first commanded 2,000 
shallow flat-bottora boats to be built, which became the popular design 
of today ’ s grain boats. 

The design of grain boats, to apply an easy metaphor, is like this: 
the bottom of the boat is like the floor of a house, the hull is the walls 
of a house, the bamboo sections on top of the boat are the tiles of a 
house; the “crouching lions” in the front of the boat can be compared to 
the front gate of a house, and that on the stem is like a bedroom. If we 
compare the mast of the boat to the arc of a bow, the sails are the 
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The six-oar tax boat on the Yangtze and Hanshui river 
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bowstring. The oars are like a horse pulling a cart forward, and the 
ropes used to pull the boat are like shoes people wear. The long strings 
on the sail are like the bones and muscles of a hawk. The big oar in 
the front is the forerunner while the rudder at the stem is the chief 
commander, and the anchor is used to pitch camp. 

The earliest design of the grain boat is like this: the boat bottom is 
five zhang and two chi in length, made of planks two cun thick. The 
preferred wood was firstly cedar and secondly chestnut. The front and 
the stem of the boat were five chi and nine cun in length. The breadth 
of the boat bottom was also five chi and nine cun, that of the front bot¬ 
tom was 6 chi, that of the stem bottom was five chL The “crouching li¬ 
ons” in the front were 8 chi in width, and those at the stem were 7 chi 
in width. There were 14 big beams on the boat. The one near the front 
of the boat was named the “dragon’s mouth beam” measuring one 
zhang in width and 4 chi above the bottom of the boat; the beam sup¬ 
porting the mast measured 1 zhang and 4 chi, 3 chi and 8 cun above 
the bottom; the beam at the stem measured 9 chi in length, 4 chi and 5 
cun above the bottom. With both two granaries having a width of 7 chi 
and 6 cun. This is the early design of the grain boats. Each grain boat 
had a holding capacity of 2,000 dan of grains (but only 500 dan were deliv¬ 
ered to each boat). Later on, the grain boats escorted by the military forces 
were lengthened without asking for permission by 2 zhang, with both 
the front and the stem being widened more than 2 chi, thus obtaining a 
capacity of 3,000 dan of grains. But the canal mouth at that time was 
only 1 zhang and 2 chi in width, so this kind of grain boats was just 
able to pass narrowly. Nowadays, the official passenger boats are exact¬ 
ly the same as that type of boat described above except that they have 
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larger windows and colorful decorations. 

The building of the boat starts at the bottom, and the walls stand 
on both sides of the bottom and further support the deck above. The 
beams are placed at regular intervals, while the part of the boat that 
rises vertically on both sides is the hull. The large timber that forms 
the hull is the “principal planking”, on top of which is the gunwale. 
The spot in front of a beam for positioning the mast is called the “an¬ 
chor altar”, under it the cross-planks used to secure the mast are 
called “ground dragons”. There is one big cross-beam at the front and 
the stem of the boat respectively, called “crouching lions”. The side 
planks under the “crouching lions” are called “lion holders”; under the 
bow cross-beam (crouching lion) the wood that closes the front of the boat 
is called the “wave blocking board”. In the middle of the front deck 
there is a square hole called “the well” (in which the ropes and cables 
are stored). Two wooden stakes are erected for winding up the ropes at 
the forefront deck called capstans. At the stem of the boat, the portion 
that rises slanting from the bottom upward is called “straw-sandal 
sole”. The wood that closes the stem end of the boat is the “short 
plank”, and beneath that is the beam called “stop-foot-beam”. The aft 
end of the boat contains the helmsman’s quarters, the top of which 
forms the poop (pheasant’s roost). (Here a man sits on top to manipulate the 
cordage from the sails when the boat is catching the wind.) 

If the length of the boat is near 10 zhang, two masts must be 
erected. The middle mast is located just two beams forward of the mid¬ 
dle of the boat, and the foremast should stand at the place 1 zhang fiu-- 
ther ahead. The middle mast of a grain boat can be as long as 8 zhang 
and that for the shorter ones can be reduced by 10 or 20 percent of the 
length mentioned. The mast inside the windows of the boat is about 1 
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zhang in length (from the top to the bottom of it). And the part used for hang¬ 
ing the sail is about 5 to 6 zhang long. The front mast is much shorter 
than that of the middle mast, to half the length of the middle mast. And 
the size of its sail is less than 1/3 of that of the middle mast sail. The 
boats coming from the nearby 6 counties in Suzhou and Hangzhou 
mostly have to go across arched stone bridges and the rivers that are 
not as dangerous as the Yangtze River or the Hanshui River, so the 
masts and sails can all be smaller. But those boats going through places 
like Hubei, Hunan and Jiangxi, where the water is more dangerous, all 
need to be designed to fulfiU strict requirements. The size of the sails 
is determined by the breadth of the entire boat; it is very dangerous 
if they are too big; but when they are too small, the boat cannot get 
enough power from the wind. 

The sails are made of crashed bamboo strips, linked by ropes and 
folded regularly in order to be hung up. The sails of the middle mast 
are so heavy that it takes ten men to raise them to the top while the 
front mast sail needs only two men. When hanging the sail ropes, first a 
pulley made of a one-cun hollow log is set on the top of the mast; second, 
a man climbs along the mast carrying all the ropes around his waist 
and then puts three skeins of rope through the pulley in a crisscross 
way. The piece of the sail on top can stand a pressure three times that 
of a piece in a lower position. The sails need to be adjusted to a proper 
and balanced state. If sailing is in the direction of the wind, the boat 
will go very fast like a good horse. If the wind grows, the boat needs 
less sail to move forward, and when the wind is rather strong, one or 
two pieces of sail are enough. (If the sails are so blown that they cannot be easily 
pulled down quickly, a hook can be used to help to pull it down.) If the wind becomes 
very strong, only one or two sections of the sail need to be extended. 
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If the boat goes against an unfavorable wind, it is called tacking. 
If the boat goes downstream, it is better to hang the sails, and the boat 
will go in a zigzag way. First the boat may tack to the east, gaining 
only by inches or even possibly set back a few hundred chi before it 
reaches the bank. It can be changed to go westward by switching the 
rudder and changing the sails to the other side of the boat. In that way, 
the power gained from the water stream can counterbalance the ob¬ 
struction of the wind, and the boat will move in an oblique way and 
can go very fast—over 10 li or so. The counterbalancing effect can also 
help the boat move forward in a peaceful lake. But if the winds are un¬ 
favorable and the boat is going upstream, great difficulties are imposed 
on its advancement. When the boat goes downstream, it is like the 
grass moving with the wind. Therefore, it is necessary to control the 
water with the rudder and prevent it from flowing in a fixed direction, 
for the turning of the rudder will cause a stream of water to move in its 
direction. 

The bottom of the rudder should be the same size as the bottom of 
the boat. If the rudder is a bit longer, say, one cun extra in length, it is 
possible that the rudder will stick fast to the bottom of shallows, while 
the boat itself is able to glide over them; if the wind is strong and con¬ 
trary, the boat would be in extreme difficulty. If the steer is shorter by 
even one cun, it will not be able to initiate enough turning power for 
the boat to change its direction. The stretch of water responsive to the 
rudder extends from the rudder to the bow of the boat: directly under 
the bottom of the boat the water assumes the nature of a fast headlong 
current, thus automatically setting the direction of the boat. All this is 
fantastic beyond description. The handlebar used to steer the rudder is 
called the tiller. If the boat is to go northward, turn it south, or vice 
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versa. If the body of the boat is too long, the unfavorable wind is really 
strong, and the rudder power is not enough to make the boat move, a 
timely solution is to put down a “water-breaking” board to ward off the 
wind. The rudder has a big straight trunk for its body (the rudder of the 
grain boat is over 1 zhang long and 3 chi in circumference); placed on top of the 
rudder is the tiller, a joint is sawed at its bottom to connect the axe¬ 
shaped rudder board, which, when fastened with iron nails, can perform 
the function of fending against the water. The high-rising part of the 
stem is called the aftercastle. 

An iron anchor is used to moor the boat. A grain boat needs five 
or six anchors, the biggest one called the “watchdog anchor” weighing 
500 jin, two others in the front and still another two at the stem. If the 
boat encounters unfavorable wind halfway, unable to advance or to get 
to the bank (or the boat is already near the bank, but the bottom of the river is full 
of small stones without mud and sand, and the boat can not be moored there, it is nec¬ 
essary to drop the anchor in the deep water). The rope on the anchor is tied to 
the capstan, and the flukes will get fastened once they reach the mud. 
If the situation is extremely dangerous, the “watchdog anchor” will be 
used, whose rope is called “main stake”, which testifies its cmcial im¬ 
portance. Sometimes if the boat is getting really close to another boat in 
front of it going in the same direction and bumps into it, the two stem 
anchors must be used to stop the boat from moving forward. When the 
wind dies down and the boat restarts its journey, the anchors will be 
lifted by a crane. 

To caulk the planking of a boat, finely chopped flax is first stuffed 
into the space between the boards, next a mixture of screened fine lime 
powder and tung oil is applied to the crevices to complete the caulking. 
In places like Fujian and Guangdong provinces, Wenzhou and Taizhou 
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in Zhejiang Province, oyster shells are pulverized instead of lime. If its 
diameter is over 1 cun, the sail ropes made of marijuana straws can 
hold a weight of over 10,000 jin. The cables and ropes used to tie the 
anchor are made of boiled thin bamboo strips. The towropes are made 
the same way. When they are over 10 zhang, loops are made on them 
which can be broken up when necessary. The bamboo is straight in na¬ 
ture and a rope made from it can hold a weight of 1,000 jin. If the boat 
is to go through the three gorges in the Yangtze River and enters 
Sichuan Province, the towropes are made by linking tall bamboo strips 
named “fire stick” so that they won’t break easily in dangerous places. 

This part is about the types of wood used in boat construction. The 
masts are made of straight trunks of fir, using one on top of another by 
fastening them with iron hoops around them every one cun outside to 
achieve the desired height. A certain space must be reserved in the 
front of the boat for the mast. When the middle mast is being put up, it 
is brought to the boat on several large vessels, and it is pulled upright 
by means of a long rope attached to the masthead. The beams, planks, 
and the boat walls are made of cedar, oak, camphor, elm or locust. Elm 
or oak is used for the rudder post. There are no special requirements 
for the bottom and decks. The tiller is made of an evergreen or elm; 
and the oars of fir, Chinese juniper or catalpa. These are the major va¬ 
rieties of the wood used in constructing a boat. 
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Sea-going Vessels 

The grain boats used during the Yuan Dyneisty and early Ming 
Dynasty are called “wind-penetrating ships” (“sea-going vessels”) if they 
are smaller. They didn’t go further than Jiangsu and Shandong where 
the waters are not so deep and there don’t seem to be great dangers. 
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The costs and human power were less than 1/10 of those going to over¬ 
seas destinations like Ryukyu Islands, Japan and Indonesia. The sea¬ 
going ships are 1 zhang and 6 chi longer and 2 chi and 5 cun wider 
than the grain boats, with the rest parts almost exactly the same except 
that the rudder post must be made of Mestua ferra and that the oil used 
in the stuffing for the chinks must be fish oil and tung oil. The reasons 
are unknown. The shape and size of sea-going vessels for overseas voy¬ 
ages are basically the same as above. Those produced in Fujian and 
Guangdong usually use bamboo boards to ward off waves (In Fujian they 
start sailing from Haicheng, while in Guangdong they begin sailing from Xiangshan 
Gorge). Those in Dengzhou and Laizhou in Shandong are slightly differ¬ 
ent. Japanese sea-going vessels have paddles on each side to keep the 
water off. The design of Korean sea-going vessels is different. 

Compasses are installed in both the front and the stem of sea-go¬ 
ing vessels. It is also common for all sea-going vessels to have a big 
tmnk in the middle that is longer than the breadth of the boat so that a 
waist rudder can be placed there. The waist mdder, different from the 
stem mdder, is shaped like a knife and put into the water to prevent 
the vessel from tilting, it does not turn. On top of it there is a handle 
that can be tied to a beam and hung up when the water is shallow. It 
looks like a mdder, and hence its name the “waist mdder”. There are 
bamboo tubes in sea-going vessels to store fresh water supplies for the 
boat crew for two days and can be replenished once the boat reaches 
an island. The compasses are quite reliable in telling the right direction 
for the sea-going vessels, which is definitely beyond the capability of 
man. The steersman is the most important person of the entire crew, 
whose experience and resolution, rather than a sudden gathering of 
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courage, are almost beyond the concern of life and death. 

Miscellaneous Boats 

The tax boats on the Yangtze River and the Hanshui River. Long 
and slender as these boats are, there are a dozen cabins on board, each 
big enough for one person to sit and sleep in. There is a mast and six 
oars altogether at the front and the stem. The boat has to rely on the 
six oars to advance in the wind. If the winds are favorable, the boat can 
go downstream over 400 li within 24 hours, and over 100 /i if it is go¬ 
ing upstream. As a large proportion of the government * s salt revenue is 
collected from the Huai’an and Yangzhou regions in Jiangsu Province, 
the tax boats are constmcted to transport silver, hence these boats are 
called “tax boats”. Travelers on business trips who wish to save time 
also hire these boats for traveling. These boats sail to Zhangshui and 
Ganshui in Jiangxi Province in the south, to Jingzhou and Xiangzhou 
in Hubei Province in the west, and to Guabu and Yizhen in Jiangsu 
Province in the east. 

The wave-riding boats in Jiangsu Province. From the western part 
of Zhejiang Province to Pingjiang Prefecture, there is a total area of 
700 square Zi, where there are numerous winding streams and channels. 
Thousands of wave-riding boats are going back and forth on these wa¬ 
terways. Boat passengers, whether rich or poor, travel on these boats 
instead of using carts, horses or going on foot. Even the smaller boats 
have a main hall built of fir in the middle. With passengers and goods 
on board, these boats must be kept in good balance, otherwise they will 
overturn. These boats are consequently called “balance boats”. These 
boats travel on the waterways of 700 Zi, so for convenience and comfort, 
some travelers hire such boats to go up north all the way to Tongzhou 
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and Tianjin. On such a journey by water, the boats only has to pass the 
Yangtze River in Zhenjiang once when the wind is calm. Next they 
pass the intersection of Qingjiangpu at the Grand Canal between Bei¬ 
jing and Hangzhou and go up the Yellow River for 200 li in shallow 
water. The rest of the journey will be safe with no obstacles. Due to the 
turbulent water in the upper reaches of the Yangtze River, they never 
sail there. The forward power of the wave-riding boats is provided 
mainly by a scull located at the stem and worked by two or three men 
at a time, or sometimes they are pulled along by trackers with ropes. 
The boats never depend on sails to go forward. 

The Xi’an boats in western Zhejiang Province. The Qiantangjiang 
River is located between Changshan and Hangzhou in western Zhejiang 
Province. It is 800 li long and flows directly into the sea. So the Xi ’ an 
boats (named after the Xi*an County in eastern Zhejiang Province) all sail from 
the streams in Changshan, Kaihua and Sui’an and go along the 
Qiantangjiang River, without using other inland waterways. The cabins 
of these boats are constmcted of woven straw matting in the shape of 
water jars. They carry cloth sails about 20 zhang high, which are se¬ 
cured to the boats with cotton ropes. The cloth sails are used because 
they can be taken down easily when the powerful tides of the 
Qiantangjismg River estuary are reached. Cloth sails cost more than 
those made of woven bamboo bark, so it is not clear why cloth sails are 
used. 

The Qingliu boats and the Shaopeng boats in Fujian Province. 
These boats start sailing on the streams in Guangze and Chong’an 
counties and arrive at the Hongtang in Fuzhou in Fujian Province, and 
go no further. The Qingliu boats are used to transport merchants and 
goods. The Shaopeng boats are larger ones with living quarters, so that 
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the rich can sit or sleep during their journey. The bottoms of the boats 
are constructed of fir. The shallow waterways have rocks underneath 
which frequently damage the boats. When that happens, the boats are 
immediately steered ashore, unloaded, and repaired. Instead of the 
stem rudder, these boats are equipped with a huge steering paddle at 
the bow. The boats are steered by turning the paddle at the head. The 
boats sail in flotillas of five. When passing dangerous shoal waters, the 
speed of the boat is reduced by having the four other boats line up be¬ 
hind the lead boat and pulling each other back with ropes. All the year 
round the adult boatmen are bare-footed even in deep winter for the 
convenience of crossing water. The sail is hung but not used. 

The eight-scull and other boats in Sichuan Province. The water¬ 
ways are connected with the Yangtze River and the Hanshui River, yet 
boats coming from Sichuan go downstream no further than Jingzhou, 
and if people wish to go further, they have to change boats. Boats going 
upstream on the Yangtze River to Sichuan enter the Three Gorges at 
Yiling. The trackers split giant bamboos vertically into four or six sec¬ 
tions and tie them together with hemp ropes (called “fire sticks”). The men 
in the boats beat dmms as though for a race, so that the trackers, 
standing on the rocks along the shore together, pull the boats forward to 
the beat of the dmms. Between mid-summer and mid-autumn, high wa¬ 
ter seals off the Three Gorges and for several months boat traffic is 
suspended until the water has fallen. At Xintan there are some very 
dangerous spots in the waterway, so the men and goods are all removed 
from the boats and portage is used for a distance of about half a li. The 
empty boats are left to ride out the turbulent waters. These boats are 
constmcted with a round bottom and a pointed narrow bow and stem, 
designed to cope with the shoal waters. 
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The full-sail boats on the Yellow River. These boats are used to 
sail from the Yellow River to the Huaihe River, and also go upstream 
on the Huaihe River to Bianshui River in Henan Province. The boats 
are expensively made of cedar wood. They have different sizes, with the 
larger ones having a capacity of 3,000 dan and the smaller ones having 
a capacity of 500 dan. When a boat is sailing downstream, a beam is 
laid across the foredeck, while the boats are propelled forward by two 
large sculls fixed on both sides of the boats. The anchor chains, rigging 
and sails carried by these boats are the same as those of the boats on 
the Yangtze River and the Hanshui River. 

The black castle and the salt boats in Guangdong Province. These 
boats sail between Nanxiong in the north and Guangzhou, capital city 
of Guangdong Province. Going further to Zhangzhou and Quanzhou in 
Fujian Province by way of Huizhou and Chaozhou, sea-going crafts are 
used. The black castle boats are used by high-ranking officials and no¬ 
ble families, whereas the salt boats are used to transport merchandise. 
There are passageways built on both sides of the bulwark. The sails are 
made of woven reed mats, which are hung on two posts instead of on 
the mast. The sails hung in this manner are less maneuverable than 
those of the boats in Central Plains. When going upstream, the boats 
rely on tracking, which is the same as the practice in other provinces. 

The Shaanxi boats on the Yellow River. These boats are con¬ 
structed mainly in Hancheng of Shaanxi Province. The larger ones can 
CEirry tens of thousands of jin of stones down the Yellow River to sup¬ 
ply the needs in the Huai’an and Xuzhou regions in northern Jiangsu 
Province. The boats are built with the bow and the stem equal in 
width, and the cabins are low-lying. When going down the Yellow Riv¬ 
er in a swift current, without depending on the wind, two huge sculls 
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are used to propel the boats. When traveling upstream on the return 
voyage, trackers are used, and sometimes over 20 men pull the boats at 
a time. There are occasions when the boats are abandoned and the men 
return without them. 


Carts 

Carts or carriages are best used on level terrains. During the War¬ 
ring States Period, chariots were used when the states of Qin, Jin, Yan 
and Qi engaged in warfare. Hence there were such designations as a 
“one-thousand-chariot state” or a“ten-thousand-chariot state” beginning 
from then on. After the bloody battle between the state of Chu led by 
Xiang Yu and the state of Han led by Liu Bang, use of chariots de¬ 
creased. In the south, boats are used in marine battles, while infantry 
and horses are used in land battles. In the north, armored cavalry are 
employed in the fights with the nomadic tribes, thus the chariots are 
not used. Nowadays the horse-drawn carts are used to transport freight, 
and the mule-drawn or horse-drawn carts are constructed in the same 
way as chariots in the past. 

The mule-drawn and horse-drawn carts are built either with two or 
four wheels, and the axletree is the base on which the suf)erstructure of 
the cart is constructed. On the four-wheel cart, there is an axletree both 
fore and aft, on which rest short posts that support straight beams and 
on the beams rest the body of the cart. When the cart is not in motion 
and the horses are un-hamessed, the cart is as level and secure as 
one ’ s own living room. In contrast, the body of the two-wheeled cart re¬ 
mains level only while it is drawn by the horse or mule. When the 
horses are unhitched, the cart must be propped up with posts, otherwise 
the front of the cart will touch the ground. 
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The wheels of the cart are called “yuan” (called the steer of the cart). 
The hub of a larger cart in the center of a wheel (also called the brain of the 
cart) measures one and a half chi in diameter and supports the spokes 
all round itself while allowing the axle to come through the center. 
There are spokes on each wheel. The inner end of each spoke is at¬ 
tached to the hub and the outer end to the interior rim. In a wheel, the 
part which inwardly holds the wheel together and connects outwardly to 
the felloe, making a complete circle, is known as the interior rim. The 
“lun yuan”, or “shaft” of a wheel is where the felloe or exterior rim 
terminates. When the cart is not in use, its composite parts are taken a- 
part for storage. To assemble a cart, first mount the two axletrees, and 
then put the other parts together step by step. 

The four-wheeled cart has a capacity for carrying 50 dan of 
freight. As many as 10 or 12 horses or mules are put together to form a 
team to pull the cart. The driver stands on an elevated platform in the 
front part of the cart. The horses or mules are harnessed to form two 
groups (each group contains four horses, to pull a war chariot, and called the outer 
horses and the inner horses). A long hemp rope is attached to the neck of 
each horse or mule, tied together and passed inside the front cross¬ 
board, and then fastened to the sides of the cart. The driver wields a 
long hemp whip of 7 chi with a handle of equal length. If any animal is 
not pulling its full weight, the driver whips the animal. There are two 
other persons in the cart who are familiar with the nature of horses and 
mules and who are responsible for pulling the ropes. They step on the 
ropes to slow the cart down if the horses or mules are trotting too fast, 
otherwise the cart may overturn and crash. If it is necessary to avoid 
hurting pedestrians walking ahead of the cart, the driver immediately 
calls out a command to stop all the horses or mules. All the ropes are 
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The single-wheeled cart drawn by two mules or horses 
The single-wheeled cart pushed by one person in South China 
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passed through the front cross-board, tied with ox-hide in a bundle and 
finally get to the center of the cart. This was termed a “driving aid” in 
The Book of Poetry. 

When horses or mules are to be fed on the journey, they are not 
taken to a stable, instead they are given their feed in the open air, 
since willow-woven trays with feed are brought along on the cart. Per¬ 
sons embark and disembark from the cart by means of a small ladder. 
When crossing a highly arched bridge, the strongest horse or mule in 
the team (e.g. of ten) is chosen and tied to the rear of the cart. When 
the cart goes down the slope, the rest of the horses or mules in front 
are made to proceed slowly, while the horse or mule at the rear is to 
pull the cart backward to reduce the speed of the cart. Otherwise, the 
cart is endangered. K the cart encounters either a river, a mountain or 
a narrow winding path, it has to stop. In such regions as Xuzhou in 
Jiangsu Province, Yanzhou in Shandong Province and Bianliang in 
Henan Province, the route of carts may reach an extent of 300 /i, which 
compensate for the want of transportation by boats in regions which 
have no waterways. 

In constructing the carts, long pieces of wood are chosen for axles 
and short ones for the hub. The best types of wood for these purposes 
are the locust, jujube, sandalwood or elm. Sandalwood, tough, durable 
and long-lasting, tends to become hot after long and continuous use in 
motion, therefore, the best material is either jujube or locust trunk 
which is so thick that a man has to use both arms to hold it. The other 
parts of the cart, the front and rear cross-boards, the body and the yoke 
of the cart, can be made of any kind of wood. Another type of cart is 
the ox-drawn cart, which is widely used for transporting grain and plant 
stalks in Shanxi Province. Where the road becomes narrow, the ox will 
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shake the bell hanging from his neck to alert the cart driver, hence the 
bell is called “herald bell”, which serves the same purpose as the bell 
hung from horse or mule neck. 

In North China, there is also the single-wheeled cart pushed by a 
man from the rear and drawn at the same time by a donkey in front. 
Travellers who do not wish to ride on horseback often hire such a cart 
for their journeys. A semi-circle awning is erected overhead to serve as 
a cover against the wind and sunlight. The passengers must sit face to 
face, one on each side of the wheel to balance the cart, otherwise the 
cart will tip over. In North China, these carts start their journeys from 
Chang’an in Shaanxi Province, and Jining in Shandong Province and 
go all the way to Beijing. When the carts do not carry passengers, they 
can be used to transport merchandise, and each cart can carry 4 or 5 
dan of merchandise. Ox-drawn enclosed wagons are used only in Henan 
Province. There are two wheels, which are connected to the cart by an 
axletree. This axletree is level and keeps the cart in perfect bedance. 
The boards are laid over the axletree, and on these boards the body of 
the wagon is mounted. Passengers can sit safely inside. The empty 
wagon will not tilt even when the ox is unharnessed. The single¬ 
wheeled carts in South China, pushed only by a man’s strength, can 
carry two dan of weight. They have to stop when they encounter any 
unevenness in the terrain, and they go no more than a range of 100 li. 
There are also other types of carts which are not listed and described 
here. Since people, who are bom in the south, have never seen a cart, 
and those who spend their whole lives in the north have never seen a 
large boat, this chapter of the book simply gives a brief introduction to 
the main mode of transportation across the country. 
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Chapter 16 
Weapons 


Songzi says that weapons are in use when wise men are at a cor¬ 
ner. In ancient times Emperor Shun had been in power for 50 years 
and the Miao were not obedient to him. How can any of wise emperors 
ignore weapons? It has been passed on for a long time that weapons ex¬ 
ists to terrorize the world. However Laozi was thought to agree with 
Getianshi ’ s idea. In his book it was found that weapons were hoodoos, 
which indicates that weapons should be in use very cautiously. 

The technology to make gunpowder and firearms was derived from 
the Western world and South Asia. After it spread to China, it changed 
with each passing day. China ranks in the first place making powder 
and fireeirms. It might be true. Otherwise it cannot be so perfect if there 
are not a lot of efforts. 
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Bows and Arrows 

The main part of the hunch is made of bamboo and ox horn. Bam¬ 
boo is inside and ox horn outside when the bow is not pulled. The 
bamboo part should be one entire piece while the ox horn should be di¬ 
vided into two parts. At the end of the bow there should be a notch to 
put the bowstring. The mulberry can be connected by tendon and 
bamboo. One side of the bamboo is made into a smooth surface for fas¬ 
tening the horn. 

In the first place we should chop a piece of bamboo. (The bamboo 
should be cut in the autumn, because if it is cut in the spring and summer, it tends to 
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Straightening the shaft of an arrow 

































































































Determining the weight or pull of a bow 
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decay and be damaged easily by insects.) The bamboo should be about tWO chi 
long with the middle being wide and the ends being narrow. The ox 
hom is attached to one side and tendon to the other side. The two parts 
of the ox hom should be meshed and glue should be firmly attached to 
the tendon. (There is no long ox hom in the northeast of China; therefore four pieces 
of sheep hom can be used instead. In Guangdong Province not only buffalo horns but 
also yellow cow horns can used by the bow makers.) Then it should be glued to 
a piece of birch bark called the butt. Birch is mainly seen in Liaoyang 
in Liaoning Province, Zunhua in Hebei Province and Lintao in Gansu 
Province, and it can also be found in Fujian, Guangdong and Zhejiang 
provinces. If something is covered with birch bark it feels like cotton 
when people touch it. So it is necessary to use birch bark to cover the 
kilts of broadswords and swears. The extremely thin bark is used as the 
inner lining of knife scabbards and sword sheaths. 

There is a long piece of sinew in the back of every ox which is 
about thirty Hang in weight. After an ox is killed, take out the sinew 
and expose it to the sun. When it is dry, put it in water and twist it in¬ 
to fibres. The Manchurian tribe had no natural silk, so the bowstring 
was made of sinew. The pastern is usually made of the swimming blad¬ 
der and entrails decocted in Ningguo County. The Seiaena schlegeli 
fish in the East Sea can be exposed to the sun, and its swimming 
bladder made into pastern which is harder than copper and iron. The 
pastern made of swimming bladder of fish in the northeast ocean can 
be as hard as that in the eastern ocean, though they are of different 
types. If one kind of materials is absent, there is no way to make a 
good bow. 

The newly made crude-bow should be hung on a beam with fire 
under it. It takes from ten days to two months to dry the bow. It is then 
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first polished, then reinforced with ox sinew, glue and Chinese wood 
lacquer to make the best product. If the bow is sold before it is com¬ 
pletely dry, it wiU inevitably become loose later. The bowstring should 
be made from silk which is really very tough and strong. To make a 
string, a silk thread is tightly wound around a core of more than twenty 
silk threads in three sections of more than 1 cun each in length, leav¬ 
ing two gaps each about 0.1 to 0.2 cun in length. Such a cord can be 
folded into thirds when the bow is not pulled. 

Because strings in Nuzhen tribe are mainly made from sinew, plus 
the heavy fog and rain, bows are damp and easy to get loose. It is not 
the time for them to invade. But there are silk strings everywhere now. 
Wax can be spread on the string to protect against moisture. The string 
will not get loose. The nock at each end of a bow for receiving the 
string is covered with a piece of extremely thick ox hide or soft wood. 
This covering cushion functions the same as the pegs on a lute. When 
the bow string is pulled and snapped back to its original position, a big 
force is developed toward the inner surface of the bow. The bow is pro¬ 
tected from such a destructive force, otherwise it would be damaged. 

The weight of the bow depends on the user’s strength. The 
strongest man can puU 120 jin. If someone can surpass it we say his 
strength can be compared to a tiger. Average people can pull 80 to 90 
ym, but some can only pull 60 jin. If the bow is fully pulled, it is easy 
to shoot the target. In a real war, a strong person is needed to pierce 
armor with arrows. If one is accurate enough to shoot a cootie from 100 
steps away, this will also work. We can stamp on the string and fully 
pull the bow. When the bow is round, we can hook the hunch by the 
steelyard and move the sliding weight of the steelyard to check the 
weight of the bow. As for the weight of a good bow, it can be measured 


Q :h 
? § 

§ 

Crt 



471 



X 

n 

+ 


xy 

jh 

i: 



472 


[HA] 

a, ?km 

ZBi, m^wm&fm, m±;>jmM^, 

A-^ti->i-iij^w, ftm-bMo at 

{MK9iMJsit, ilS4'W, ttdt 

QVj.M;k 

*KT W^m*;t±o ffi 

,ii^®], z^fSMZ^s-^o bbw, 

jimn, itijmmm, immm, m-^^-o ff 

iijf3t®jwii^;io m. m^rm 


a” •«,^;^rBt, ### 

fSlMi; H-iiiAJS^m, itiftA'hSS, Hit, J^if.^-b^, aiyumH, 

.S-o (a.A4s«.4-4'i^A«-^iA4 i£SJA;y, #.#^^•ii®, «;j|.a;5f; 

;gEI “^;f;^” ##„ ;S»r>I.. /* A^A^:4.-K;Wf-a, 



by the weight of the materials: oxhom and bamboo weigh about 7 Hang 
and sinew, pastern, lacquer, and the silk thread weigh about 8 qian. 
The weight of these materials is 10 to 20 percent less in a bow for the 
average archer, and 20 to 30 percent less for the weak archer. 

Bows should be stored in places where there is no mildew or 
moisture. (The mildew and moisture season begins early in the south and then moves 
to the north. It starts at about Grain Rain south of Lingnan , at Lesser Fullness of Grain 
south of the Yangtze River, in June north of the Yangtze River, in July in Hebei and 
Shandong. However, there are more mildew and moisture weather in the regions of 
Huaihe and Yangzhou. ) To protect bows from mildew and moisture, military 
officers, in the homes, dry ovens or boxes with a charcoal fire under¬ 
neath (They do so not only in the mildew and rainy seasons but also in the spring 
and autumn when it is in foggy and rainy days.), while soldiers place their bows 
above the cooking stove. Any mistake in this drying process will make 
the bow loose. (Recently the government ordered the southern provinces that they 
should not only make bows and also transport them to the north. But these bows were 
returned one batch after another. The reason is that people then did not know the fact 
that bows wiU turn bad when they are put in the environment in the absence of fire. 
And no officials report this to the government.) 

Arrow shafts are made from bamboo in South China, wicker in the 
north and birch in the northeast. It differs in different regions. The 
shafts are 2 chi long and the arrowhead is 1 cun in length. A bamboo 
arrow is made by gluing three or four bamboo strips together, which are 
then trimmed and polished by using a knife into a very smooth shaft. 
After its two ends are wound with silk threads and painted with lac¬ 
quer, the shaft is known as “three unevennesses”. There are natural 
bamboo arrows in Zhejiang and Guangdong, which can be trimmed 
directly into a shaft without preparing and gluing bamboo strips. A 
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little peeling and cutting is necessary for making shafts from the 
straight twigs of willow and birch trees. A bamboo shaft, being natural¬ 
ly straight, does not need to be straightened. In contrast, a wooden 
shaft, tending to curve when dry, must be straightened by pulling the 
shaft through the straight groove when being made. This groove is 
carved in a section of wood several cun long, called “arrow straighten- 
er”. During this treatment, both ends of the shaft are shaped to their 
proper size. 

The end of the shaft should be concave so that the string can be 
put in. The head of the arrow is made of iron. (The flint arrow heads which 
are mentioned in the ancient book. Tributes of Yuy are products iiom the locals and 
have no practical uses.) The arrowhead looks like a spear in shape in 
Northeast China, a shovel in the Li tribe in Guangdong Province, and a 
triangular awl in the Central Plains. Whistling arrows refer to the 
arrows which have a wooden whistle with a round hole. When it is 
shot, the arrow whistles because of the hole. It is called Haoshi in 
Zhuangzi. The speed and the orbit of the arrow depend on the feather 
at the shaft end. There are three-tail feathers at the end of the arrow. 
These three-tail feathers called arrow feathers are about 3 cun long. 

The best arrow feathers are the wing-feathers of an eagle (which 
looks like a falcon, but with a long tail and two short wings). Those from a homed 
falcon or hawk are the second, while feathers from owls and sparrow 
hawks are still lower in grade. It is difficult for the southern arrow mak¬ 
ers to get falcons and hawks, much less eagles, so they use the wild 
geese’s and even wild swans’ feathers as the tail fins for the urgently 
needed arrows. An eagle-feather arrow, which can resist a gust of wind, 
not only travels faster than a falcon-feather arrow, but also reaches its 
tme position after traveling only ten paces. Most arrows in the northeast 
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are finned with eagle feathers. In comparison, even the best falcon- 
feather arrows may still waver slightly in the wind. Arrows with feathers 
from wild geese and wild swans are difficult to control when charged 
from the bow and tend to travel astray in the wind. That is the reason 
why arrows made in the south are not as good as those made in the 
north. 


Crossbows 

Crossbows are usually used in defense instead of fighting at the 
battle fields. The crosswise bow is called a wing, while the lengthwise 
bow is called “a body”. The device to shoot a crossbow is called “a 
crossbow trigger”. The crossbow stock is made of wood and is about 2 
chi in length. The upper end of the stock has a hole exactly 0.1 cun 
thick. (If it is a little bit thicker, it will hinder the movement of the bow string and 
shooting.) Below its lengthwise front surface, is fastened transversely to 
the central body of a bow. On the other hand, there is no fixed specifi¬ 
cation for the partition between the hole and the back surface of the 
stock. A straight, shallow groove is carved into the front surface of the 
stock for supporting the arrow. When the body of a crosswise bow is 
made from soft wood, it is called shoulder pole crossbows and is most 
powerful. The body of a crosswise bow can also be made by reinforcing 
the lower surface of an ordinary wood strip with several layers of lami¬ 
nated bamboo. The resulting crossbows are designated as three-ply, 
five-ply, and the maximum, seven-ply. The bow string must be held un¬ 
der tension by a tooth-like crossbow lock, which is fastened securely to 
a carved slot in the lower part of the stock. The lock is free to turn 
when its attached trigger is raised, thus releasing the bow string. The 
necessary force for drawing a bow string depends completely on the 
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strength of arrow shooters. A strong archer is able to pull the string of a 
stout hand crossbow by holding the bow body to the ground with one 
foot. This action is termed in The History of the Former Han Dynasty 
as “Jue Zhang Cai Guan”. The arrows shot by crossbows are incredibly 
fast. 

The bow strings use a ramie cord as the core. It is wound with 
goose feathers and covered with yellow wax. This string is tightened 
when it is attached to a bow body and becomes loose again after being 
detached from the bow. That is why both the head and the tail of the 
goose feathers must be twisted in the twine. Arrow tail fins are pre¬ 
pared by inserting bamboo leaves into a split arrow stem which is sub¬ 
sequently wound with silk threads. In making poison arrows for shoot¬ 
ing wild beasts, the tubers of wild aconitum are boiled in water. The 
resulting poisonous liquid is smeared on the sharp edges of the arrow¬ 
heads. These arrow heads can kiU both human beings and animals very 
quickly. The victim may shed only a little blood. The arrows from pow¬ 
erful bows can fly about 200 paces while those from powerful cross¬ 
bows only 50 paces. However the crossbow arrow travels ten times as 
fast and penetrates twice as deep as the bow arrow. 

Once in the Ming Dynasty the officer in charge of weapons or¬ 
dered to make a Shenbi crossbow and a Kedi crossbow which can dis¬ 
charge two or three arrows at the same time. Another weapon called 
Zhuge crossbow has a straight slot at the front end for holding ten ar¬ 
rows. The crossbow body is made of very elastic wood, while the stock 
is equipped with a wooden mechanism, which is raised by hand to pull 
the bow string onto the crossbow lock. Then the drawn string is re¬ 
leased to shoot an arrow, which leaves some empty space on the stock. 
Then another arrow falls down. In order to shoot this arrow, the bow 
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string is again pulled by raising the mechanism, and then released. Al¬ 
though it is skillfully constructed, the Zhuge crossbow is less powerful, 
as demonstrated by its short range of a little more than twenty paces. 
This explains why it is used only to ward off burglars, not as a military 
weapon. In mountains the crossbows used to shoot wild beasts are 
called wo crossbows. They are put in places where there are animals. 
When people see the animals, they will pull the trigger and shoot the 
animals. One arrow is used only for one animal. 

Shields 

The shield and the spear are the oldest weapons, which the an¬ 
cient Chinese put together. Soldiers hold a spear in one hand and a 
shield in the other simultaneously. Spears are used for attacks and 
shields are used for defense. Some soldiers in ancient chariot warfare 
held shields to protect the other soldiers from arrows from enemies. If 
soldiers keep a spear and a sword in each hand it is impossible to hold 
a shield. Shields are not longer than 3 chi, with the upper inside sur¬ 
face attached to a woven willow loop 1 chi in diameter. The shields tri¬ 
angularly shaped top has a 5-cun-long apex in the center, while its bot¬ 
tom is fastened to a bamboo pole as a handle. A medium-sized shield, 
known as buckler, is used by the foot soldier to ward off arrows and 
halberds. It is commonly called a Bangpai. 

Raw Materials for Making Gunpowder 

Materials for making gunpowder and incendiary weapons. At pre¬ 
sent, people who want to get promoted propose to use gunpowder and 
firearms. They wanted to write books so that they can present them to 
the imperial court. However, what they said may not necessarily base 
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on experiment. Therefore, a couple of pages should be devoted to say 
something about this in this book. The main materials for gunpowder 
are saltpeter and sulphur with a certain amount of charcoal. Saltpeter 
and sulphur are respectively negative and positive. When saltpeter and 
sulphur meet in a hermetical situation, an explosion occurs, then it can 
kill both humans and animals. Saltpeter is an upward projecting agent. 
The gunpowder used for straight shooting takes up 90 percent saltpeter 
and 10 percent sulphur. In comparison, sulphur is a lateral blasting a- 
gent. The gunpowder employed for making mines and bombs consists of 
70 percent saltpeter and 30 percent sulphur. Charcoal, the auxiliary 
component of gunpowder, is produced by burning the wood of willow, 
pine, birch root, bamboo leaves, hollyhocks, bamboo roots, or egg-plant 
stalks. Among these plants, bamboo leaf is the most fiery. 

Gunpowder for fire attack can be divided into several kinds, such 
as “poisonous fire”, “divine fire”, “magical fire”, “scorching fire”, and 
“spraying fire”, etc. When white arsenic and Sal ammoniac are used as 
the main material with golden liquid, silver rust, and human manure as 
the subsidiary ingredients, the resulting product is called poisonous 
gunpowder. When vermilion, orpiment, and realgar are used as the 
main materials, the gunpowder is called “divine fire”. “Scorching fire” 
is mixed with borax, porcelain powder, Gleditschia japonica^ and Xan- 
thoxylum piperitum. “Flying fire” is the mixture of vermilion, orpiment, 
calomel, aconitum, and Croton ti^ium. For attacking a fort with fire, 
the incendiary is a mixture of tung oil and rosin. This is a brief sum¬ 
mary of incendiary weapons. It is said that the smoke of burning wolf 
dung, being black in daylight and red at night, rises straight into the 
air, and that the ash of a river whale can be inflamed by wind. Howev¬ 
er, these two types of materials must be tested, after which a detailed 
description can be made. 
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Saltpeter 

Saltpeter can be found both in China and in Western countries. In 
China saltpeter is only found in northwest China. If saltpeter without 
license is sold in the southeast, a trader should be accused of smug¬ 
gling. Saltpeter and salt are the same in nature, both of which form 
when the atmosphere vaporizes on the ground. When the surface soil is 
thin and close to water, the product is salt. In contrast, saltpeter is 
formed on the thick surface soil close to mountains. Saltpeter can be 
dissolved in water. After mid-autumn, saltpeter can be collected from 
the ground when the houses are cleaned in the area north of the 
Yangtze River and the Huaishui River. There are three places where 
the production of saltpeter is very rich. They are Chuan Saltpeter in 
Sichuan Province, Salt Saltpeter in Shanxi Province, and Earth Salt¬ 
peter in Shandong Province. 

When saltpeter is scrabbled from walls (from which there may exist salt¬ 
peter), it should be put into a jar and soaked in water for one night to 
exclude the impurities, and then water should be added and boiled. 
When saltpeter is completely dissolved in water, we can pour it into a 
container in which saltpeter crystallizes overnight. The upper layer of 
the impure crystals is called “white-beard” saltpeter, the longer crys¬ 
tals, “horse-teeth saltpeter”, and the bottom layer crystals are called pu 
saltpeter. In order to exclude impurities, we need to put saltpeter in 
water and boil it together with many pieces of turnips, then pour this 
into a basin for crystallization overnight. It is called basin saltpeter, 
“white-beard” saltpeter and Basin saltpeter are the same when they are 
used to make gunpowder. However, before use, the saltpeter should be 
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roasted either on a piece of newly made tile or in an earthen pot, de¬ 
pending on the amount to be roasted. When the saltpeter is diy it can 
be ground into powder in a stone mortar, but not with an iron roller, 
because any spark produced by the latter could start an explosion, 
which might be disastrous. The powder is mixed with a predetermined 
amount of sulphur, in accordance with the kind of gunpowder to be 
prepared and ground again. Charcoal ash is then added to the mixture 
at last. Dry saltpeter can absorb moisture when it is stored for a long 
time. Therefore, in large cannons a new shipment of freshly prepared 
gunpowder should be used. 


Sulphur 

When sulphur is combined with saltpeter and charcoal, an 
explosion occurs. There is no sulfur in the area where the Mongolian 
tribes live in the north. Even if there was plenty of saltpeter, it would 
be impossible to make gunpowder. Therefore, it is forbidden to sell 
sulphur to the Mongolians. For firing a cannon, the fuse is made by 
mixing saltpeter with charcoal, but not with sulphur. It is difficult to 
crush sulphur with a roller. But if one qian of saltpeter is added to one 
Hang of sulphur and they are crushed together, the sulphur is easily 
rolled into fine powder. 


Firearms 

Western cannons are made from copper and are round like a cop¬ 
per drum. When they are fired, both men and horses within a half li 
will be killed. (When the fuse is lighted on the flat ground, the cannon should be 
moved to the place where there is a pit and the operator should jump into a deep pit. 
In this way he will not be killed when it fires.) 
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Dutch cannons are made from cast iron. They are one zhang in 
length and used for defending castles. The chamber is filled with sev¬ 
eral dou of iron balls and gunpowder. Upon firing, the iron ball is pro¬ 
jected over a distance of two Zi, so as to pulverize horses in its path. 
When the cannon is fired, it brings with great recoiling force from the 
front backward. So the cannon should be anchored against walls. It is 
often seen that the walls collapse because of the recoiling force. 

“Great Commander”, “Second Commander” is smaller than a 
Dutch cannon. 

Portuguese cannons are used on board warships. 

“Three-barrel pistol” and “string-of-lOO-ball cannons” are com¬ 
monly used cannons and guns. 

Land mines are buried in the ground. After its fuse is lighted with 
an inflamed tinder kept in a bamboo tube, the mine explodes and re¬ 
sults in an upward blast. This is the phenomenon of lateral blasting 
when more sulphur is added to the gunpowder. 

Submarine mines are made by covering cannon with a leather bag 
painted with lacquer. It is sunk to the bottom body of the water. The 
trigger in the leather bag is connected to a rope leading to the shore. 
When the rope is pulled, the trigger is automatically pulled and a pass¬ 
ing enemy ship will be destroyed. However, it is still a clumsy and in¬ 
effective firearm. 

A bird pistol is about three chi long. Fill an iron tube with gun¬ 
powder. Put the iron tube onto a hand-held wooden stock. The tube is 
made by hammering three pieces of red-hot iron, each of which is 
wrapped around a cold iron bar with a diameter of a chopstick. The 
three iron tubes are combined into a crude tube by heating and press¬ 
ing their adjoining ends together. The muzzle of the tube is polished 
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with a four-edged steel reamer, with a diameter of a chopstick, so as to 
obtain a smooth finish, which is necessary for the free discharging of 
pellets. The stock end of the tube, which holds gunp)owder and pellets, 
is larger than the discharging end in diameter. Each pistol is loaded 
with 0.12 liang of gunpowder and 2 qian of lead and iron pellets. A 
lighted hemp wick is used to fire the pistol instead of a fuse. When fir¬ 
ing at enemies, the shooter holds a pistol in his left hand and uses his 
right hand to pull the trigger of the gun-lock. This brings the lighted 
hemp to the top end of the nipple orifice which is filled with gunpow¬ 
der. Such pellets will shatter birds into pieces within a distance of 30 
paces, kill them without tearing their bodies at more than 50 paces, 
and are extremely weak at 100 paces. However, the pellets discharged 
from a bird gun can travel more than 200 paces. A bird gun is twice as 
long and contains twice as much gunpowder as the bird pistol. They are 
similar in the method of manufacturing. 

The revolving bombs are used in frontier areas to guard the towns 
from being attacked by enemies where either there are no cannons to 
use or they are too heavy to use. In such cases, the revolving bombs 
are employed because they can be used under any geographical condi¬ 
tions. The bombs made of saltpeter or sulphur are so destructive that 
they can kill thousands of enemies. The methods for making the re¬ 
volving bombs are as follows: through a small hole on top, fill hollowed 
dry clay balls with gunpowder, put a fuse in it, and frame them with 
wood; or put the clay inside wooden buckets, fill them up with gunpow¬ 
der and seal them up. If making revolving bombs with clay balls, you 
have to frame them with wood lest they break into pieces when thrown 
at enemies. When enemies attack the town, light the fuses and throw 
the bombs beyond the city walls. The bombs shoot fire and revolve on 
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the ground. While they are revolving, the city wall prevents them from 
hurting the defending soldiers. When revolving away from the city 
walls, the bombs kill all the enemy soldiers and horses. This is the best 
weapon for defending a city or town. The time required for a manufac¬ 
turer to learn how to make gunpowder and weapons is usually less than 
10 years, depending on his intelligence. Those who fire in charge of 
defense work must take this point into consideration very carefully. 
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Yeasts 
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Songzi says that an increased number of crimes and litigations are 
caused by the bad effect of alcoholic drink on society. However, the 
curse does not lie in the brewing process itself. Good wine should be 
dedicated to God when a memorial ceremony is held. Wine is drunk to 
add to the fun when poems and music from The Book of Poetry are en¬ 
joyed at ceremonies and banquets. As is clarified in the works of an¬ 
cient oracles, yeast is indispensable to the brewing process. When 
making yeasts, the essence of the five grains is changed. After the 
grains are ground, they are mixed with water and kneaded into solid 
forms, then they become yeast by the breeze. The yeast used by physi¬ 
cians is called “medicinal yeast” and those red ones, which can make 
food delicious, are called “red yeast”. Since ancient times, the blend¬ 
ing methods of the principal materials and supplementary materials in 
making medicinal yeast have been improved. The functions of 
medicinal yeast in macrobiotics and in curing inveterate diseases are 
measureless. Without the great achievements accomplished by our 
ancestors Emperor Yan and Emperor Huang and the abilities and 
wisdom of the later generations, how else could this technique become 
so perfect? 



503 


Wine Yeast 

“Wine yeast” is a must in the brewing process. Without it, wine 
will not be made even with the best rice. In ancient times, regular wine 
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is made with yeast and sweet wine with maltose. Afterwards, however, 
the method lost its popularity since the sweet wine was not considered 
strong enough. Accordingly, the methods for making maltose and brew¬ 
ing sweet wine became lost, too. The raw materials for making wine 
yeast are mainly wheat, rice or flour depending on the local conditions. 
The materials used are different in South and North China. The princi¬ 
ples are the same, though. Both barley and wheat are appropriate for 
making wheat yeast. Wheat with hulls should be washed clean with 
well water and then dried in the sun. This is better done in midsum¬ 
mer. The wheat should be ground and then kneaded into blocks with 
water used in washing wheat. Then the blocks of wheat triturate should 
be bound up with mulberry leaves and hung in a draught. They should 
be covered with straw in order to grow yellow spores. They are taken 
out and used in forty-nine days. 

“Flour yeast” is made by blending 5 jin of flour and 5 sheng of 
soybeans boiled with the Polygonum hydropiper juice. Then 5 Hang of 
Polygonum flaccidum powder and 10 Hang of mashed almond are 
added to it and formed into cakes by blending and pressing. The cake 
is then wrapped with mulberry leaves and hung high or covered with 
straw to grow yellow spores. The method is the same as the one ex¬ 
plained above. When glutinous rice powder is used, marinate it in the 
natural Polygonum hydropiper juice and make cakes out of it. It can be 
usable after yellow spores have grown on it. The covering method and 
the time needed are the same as the method mentioned before. The 
number of principal and supplementary materials and herbal medicine 
added to it ranges from several ingredients to a hundred. Since the 
methods are different from one another according to different local con¬ 
ditions, they won’t be explained all here. At recent times in Beijing, 
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Coix laacryma kernels are the principal material and wine yeast is 
added to produce Job’s tears wine. In Ningbo and Shaoxing of Zhejiang 
Province, bean wine is made with mung beans and yeast. These two 
kinds of wine are very famous throughout China and are considered as 
vintage wines. (More information can be found in The Book of Wine Brewing.) 

At the wine-yeast maker’s home, if the culturing of moulds is not 
properly done, or not well tended to, or if the hands are not properly 
cleaned, then a few pellets of the bad yeast can spoil the whole dan of 
the wine maker’s grain. For reliable yeast, the wine maker must get it 
from those who have good reputations and are well known as wine-yeast 
makers. Yeast used in Hebei and Shandong for making yellow wine is 
usually made in Huai’an and then transported to North China by boats 
and carts. The yeast used to make the red wine in South China is the 
same as that in Huai’an. They are both called “fire yeast”. However, 
the yeast of Huai ’ an is shaped into square blocks, while in South 
China, cakes. Some old wine-mash must be added to either kind of 
yeast to aerate it. If rice and wheat are used as the basic materials, 
yeast and wine mash must be added before they are fermented as medi¬ 
um. It ’ s not clear now when the method of adding wine mash originat¬ 
ed. This is similar to the use of old vitriol wastes in calcinating vitriol 
stone. 
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Medicinal Yeast 

The aim of making medicinal yeast is to use it as medicine. Doc¬ 
tors refer to it as medicinal yeast in order to differentiate it from wine 
yeast used for making wine. The technique for making medicinal yeast 
can be traced back to the Tang Dynasty. This kind of yeast cannot be 
used to make wine. White flour is the special material used to make 
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medicinal yeast. Every 100 jin of flour should be added with the fumet 
of Artemisia apiacea. Polygonum nodosum and Anthium sibiricum and 
kneaded into cakes which should be wrapped or covered with hemp 
leaves or mulberry leaves. The method is similar to making yellow 
yeast for fermented bean sauce. After the cakes are covered with yellow 
mould, they are dried in the sun and stored. As for the addition of oth¬ 
er drugs, follow the doctors ’ directions because there is no fixed pre¬ 
scription for it. 


Red Yeast 

The method for making red yeast was developed in more recent 
times. It involves the transformation of the essences of grains. Fish and 
meat perish most easily. However, only a thin layer of red yeast coated 
on fish will keep the fish fresh during hot summers. Maggots and flies 
will stay away from the fish for as long as ten days, and the color and 
taste of the fish remain the same. What a marvelous medicine! 

Glutinous polished long-grained rice, whether early rice or late 
rice, is appropriate for making red yeast. The rice should be pestled 
very fine. After being soaked in water for seven days, the stench will 
be unbearable. (Then take the pestled rice out and wash it with river water flowing 
from the mountains instead of that from great rivers.) Even after washing, the 
Stench will still exist. However, the aroma will become pleasant if the 
rice is put into a rice steamer and braized into cooked rice. The steam¬ 
ing process should be paused when the rice is half-cooked. Next, some 
cold water should be poured onto it. After it is cooled, steam it until it 
is fully cooked. At last, pile several dan of rice together and put yeast 
into it. The principal ingredient for making yeast should be high-quality 
red wine mash. The cooked rice is placed together, several dan to a 
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Using air to ferment steamed rice in bamboo trays 
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heap, for the addition of leaven. 

For making red yeast, the leaven must be made from the best red- 
colored wine mash at a proportion of one peck of mash to three sheng 
of the natural juice of smartweed mixed in alum water. Two jin of this 
leaven are added to every dan of steamed rice when the latter is still 
hot, then mixed quickly by several pairs of hands until it is cooled. The 
mixture should then stand for a long time under constant observation, 
so that the rice can be sufficiently fermented by the leaven. Then pour 
the rice with the yeast into a bamboo tray and drench it with some 
aluminous water before spreading it out in a bamboo tray. In the end, 
put the tray in a draught. From now on, the air will be important for 
culturing the yeast, fire and water will serve no practical purposes. 

The cooked rice with yeast added should be put onto plates, each 
of which has five-s/ie/ig^ of rice on it. The house in which the steamed 
rice with yeast is placed should be tall and spacious so that the heat 
from the tiles won’t get in. The house should face south so that it can 
not be affected by the strong afternoon sun. During every two-hour peri¬ 
od, the rice should be turned over three times. For seven days, there 
should always be someone who watches and observes the rice without 
any sleep. At the beginning, the steamed rice with yeast is snowy 
white. After one day it turns dark black. Then the black rice turns 
brown, brown to foxy, foxy to red, dark red, and finally light yellow. 
The color changing process of the rice in the air is called “cultivation 
of yellow yeast”. The price, manpower and the material resources re¬ 
quired for red yeast to be produced in this way are twice that of the 
regular yeast. Every time when the rice turns brown from black or to 
red from brown, it will be necessary to wash it with water. No more 
washing is required after the rice turns red. Workers are required to 
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wash their hands frequently and should also keep the bamboo trays, 
bamboo mattresses and the surrounding equipment clean, since the 
slightest bit of dirt will bring the entire operation to ruin. 
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Chapter 18 


Pearls and Gems 

Songzi says that the story goes that the mountains that produce 
jades are gleamy and the water that has pearls is radiant. Does this 
statement make sense? Or is it just a hypothesis? Everything in nature 
has its opposite, so that when something sparkles, there must be some¬ 
thing dim, and when something is moist, there must be something dry. 
Though the distance between Hepu, the famous pearl-producing area, 
and Yutian, the area teaming with jades, is 20,000 /i, these gems are 
purchased and cherished by people ever5rwhere and even strived for 
their favors in the palace. Pearls and jades are considered as the pri¬ 
macy superior to other precious gems in China. However are these 
gems, adorning human bodies, the only treasures in China and thus the 
essence of excellence in the world? 
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Pearls 

Pearls are produced in mussels and formed in moonlight and fi¬ 
nally become treasures after years. The story that pearls can be found 
in snake abdomens, dragon jaws, and shark skins is totally ridiculous. 
The pearls produced in China come from the two pearl beds of Leizhou 
in Guangdong and Lianzhou in Guangxi. Before the Xia, Shang and 
Zhou dynasties, the Huai’an and Yangzhou areas were also considered 
as southern areas, which were closer to the “pearls produced from Vnio 
margaritiferas in the Huaihe River” recorded in Tributes of Yu {Yu 
Gong), These pearls might have been gotten by the Huai people 
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through trade, since the tributes were not necessarily local products. 
The statement that pearls are produced in Puxi County in the Jin Dy¬ 
nasty and in Yangcun Zhigukou in the Yuan Dynasty all result from 
the wrong records since these areas never produced pearls. The pearl- 
producing area, the Hu Liigu River, is in the minority area in Northeast 
China, and not in the Central Plains. 

The gestation of pearls by mussels is a long process, from nothing 
to a pearl. Small aquatic animals usually have short life-spans because 
they are eaten by other animals. Mussels, however, are protected by 
hard shells which wiU keep them safe, even if they are swallowed by 
other animals. As a result, a pearl can enjoy a life as long as hundreds 
even thousands of years and become priceless. Mussels live in deep 
water. Whenever there is a full moon, the mussels will open their shells 
and imbibe the pith of the moonlight so that pearls are formed from it. 
As a result, the mussels like it when the Mid-Autumn Day comes. If it 
is cloudless for the whole night, the mussels will turn themselves along 
with the moving direction of the moon in order to get the moonlight. 
The reason why some sea sides have no mussels is that the tides make 
them unable to make shelters there. 

Thel80-/i pearl bed in Lianzhou ranges from Wuni and Dulansha 
to Qingying and the 150-Zi pearl pond in Leizhou extends from Duile 
Island to the Stone City that is diagonally opposite the island. The 
coastal residents dive for pearls in March every year after they offer 
sacrifices to the sea gods. Before diving into the sea, they eat raw 
seafood in order to see everything clearly in the water. Once they find 
where those fierce sea animals are, they stay away from them. The 
pearl boats are circular and are broader than other boats. Onboard 
there are many straw mattresses which are thrown into the water when 
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there are swirls so that the boats can get across safely. The diver is tied 
with a long rope at the waist, which is attached to a winch and attend¬ 
ed by people on the boat, and dives into the deep water carrying a bas¬ 
ket. 

The pearl diver wears a bent tin tube. The bottom opening of the 
tube is attached to his mouth and nose so that he can breathe. In addi¬ 
tion, his ears are wrapped with a soft leather strip. A pearl diver can 
dive as deep as four to five hundred chi. His job is to pick up mussels 
and put them into the baskets. He must shake the rope for help when 
he can not hold his breath any longer and he will be pulled up imme¬ 
diately by the people onboard or he will probably be eaten by big fish¬ 
es. As soon as he is out of water, he should be covered with a steamed 
blanket, otherwise he will be frozen to death. In the Song Dynasty, an 
official named Li designed and constructed an iron harrow, the frame of 
which has a toothed drag. Stones are hung on both sides of the frame. 
A wooden pole is fixed vertically on top of the frame. A sack, which is 
made of hemp rope, is fastened to all sides of the frame. Then the 
frame is tied to both sides of the boat. The boat sails with the wind, 
while the toothed drag digs up the mussels and oysters which, due to 
the motion of the boat, roll into the sack. However, there are risks that 
these fixtures are likely to float away or sink with this method. Nowa¬ 
days the coastal residents use both methods. 

The fact that pearls are produced in the mussels is just like the 
fact that jades are discovered from the rock crust. The value of mussels 
cannot be decided until they are cut open and examined to see whether 
there are pearls in them or not. Pearls with a diameter ranging from 0.5 
cun to 1.5 cun can be called large pearls. The kind of oblate pearls 
with the color of gilt is called pendant pearl, which is slightly oval in 
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shape, just like an inverted cooking pot, with one side highly lustrous 
and suggesting gold plating. A pendant pearl is reportedly worth a 
thousand pieces of gold. And it is called “bright moon” or “light at 
night”. The reason why it has such a beautiful name is that it glimmers 
with a thread of light when it is held against sunshine. The reason that 
such pearls are called “light at night” is not because they really shine 
in the dark of night. Next in value is the “running pearls” which will 
roll around without stopping if they are placed in a flat-bottom plate. 
They are as expensive as the “pendant pearls”. (It is said that the corpus 
with this pearl in the mouth will not decompose so that monarchs pay huge sums of 
money for them.) Still next are the “shining pearls”, which have bright 
color but the shapes of which are not round enough. And still next are 
“snail shell pearls”, “official pearls”, “rain pearls”, “tax pearls”, and 
“green tally pearls”. Pearls can be as small as a grain of millet. Ordi¬ 
nary pearls are as big as peas, and the odd-shaped and broken pearls 
are called “y'i pearls”. All these grades of pearls, ranging from “light- 
at-night pearls” to the **ji pearls” are ranked like people from emperors 
to slaves. 

Pearls are bmited in number. If they are taken frequently, they 
will become exhausted. If they are undisturbed for a few decades, the 
mussels or oysters will live in peace and increase their chance of 
progeny. And thus they will produce large quantities of precious gems. 
There is a saying, “Pearls return where mussels are.” It does not mean 
that the migrated pearls come back to the areas where they were pro¬ 
duced under the inspiration of upright officials. (During the reign of Emperor 
Hong^, the pearl production for one practicular year was 28,000 liang while one year 
in the Emperor Wanli reign in the Ming Dynasty, it was only 3,000 liang which was not 
worth the cost.) 
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Gems 


All gem stones are produced in deep mines. Xinjiang in West 
China, has the highest output of gem stones, while in the Central 
Plains, gem stones can only be found in Jinchiwei and Lijiang in Yun¬ 
nan Province. Just like the fact that jades are contained in the rock 
crust, no matter what size, aU gem stones are enveloped in stone de¬ 
posits. Different from gold and silver, which have been formed under¬ 
ground over a long period of time, gem stones are formed with the pith 
of sunlight and moonlight when the mines are open to air. As a result, 
they are luminous by nature. The principle is the same as the fact that 
jades are produced in torrents and pearls in deep water. 

It is an ingenious girrangement that there is no water in the ex¬ 
tremely deep mines in which gem stones are produced. Instead they are 
filled with a foggy “gem vapor” which remains in the pits and is fatal 
to humans after prolonged exposure. Dozens of diggers are searching 
for the treasures together. A miner who goes down into the mines gets 
half of the stones, and the others waiting at the mouth of the mine get 
the other half. The miner has a long rope tied to his waist, two bags are 
also hung from a belt at his waist. The gem stones are put into the two 
bags as soon as they are discovered. (Iliere are no snakes or insects in the 
mines.) There is also a big bell tied at the miner’s waist so that when he 
feels suffocated by the gem vapor, he rings the beU inunediately. Then 
he will be pulled up by people above the ground by the rope. Usually 
the miner will be in a coma although probably not at death’s door. On¬ 
ly by forcing him to drink some boiling-hot water can he be saved. For 
the next three days, he is not allowed to eat anything. Then he will re¬ 
cover his normal health. In the miner’s bags, the biggest gem stones 
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they get are as big as bowls, while the smallest ones are as small as 
beans and the medium as big as fists. Not until they are filed by the 
gem polisher will they know the qualities of these stones. 

Chrysoberyl, cornelian, aventurine, amber, yellow beryl, topaz and 
ruby are kinds of gem stones that are red and yellow. Chrysoberyl is 
reddish yellow. The most valuable ambers are called ‘ yi” (the price of 
which is five times that of gold). Blackish red, it looks black during the day 
and red by lamplight. Beryl is pure yellow and ruby is pure red. A 
foolish writer in the old days marked down amber together with 
the China-root fungus in association with pine trees. How ridiculous it 
is! 

Gem stones such as sapphire, emerald, titanic sapphire and mala¬ 
chite are blue green. (Malachite is taken from the kernel of ore. It is called mala¬ 
chite powder when the outer layer is polished into powder.) **Rose stones” are as 
big as soybeans or mung beans and have colors like red, green, blue 
and yellow. The status of rose stones in gem stones is just like that of 
‘yi pearls” . The rank of '"Zhu Hai Jin Dan '{a kind of reddish gem stone) is 
higher than that of aventurine. All these are produced in Xinjiang in 
West China and qannot be found in Yunnan Province. Nowadays some 
people forge gem stones, among which amber is the easiest to forge. 
The better grade of the forged gem stones is made of melted sulphur, 
while the lower grade of forged gem stones is made of ox or sheep’s 
horn boiled in dark red juice. When it is held before the light a red 
shade can be seen. But it is now very easy to distinguish a piece of 
false amber from a real one (since there wiU be plasma when genuine amber 
stones are whetted). The Statement that ambers can attract lamp-wick grass 
is groundless that serves only to confuse people. With the help of 
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human power, all materials can attract the small and light particles. 

Jade 

All valuable jade that are transported to and sold in the Central 
Plains are produced in Yutian and Congling. The name “Lantian” is 
another name for Congling. However, the later generations thought it 
was a place near Xi’an which was also called Lantian. The river of 
Congling rises in Anou Hill and divides into two at Congling , one 
called the White Jade River and the other the Green Jade River. The 
book Travels in Yutian^ by the Jin Dynasty writer Gao Juhui, mentions 
a Black-Jade River, which is a mistake. 

The stones containing jade are not buried deep in the earth, in¬ 
stead, they can be found in the rushing water near the riverheads in 
mountains. However, miners do not go to the river origins for jade since 
the swift current makes it difficult to find them. They wait until the 
streams are swollen in summer, when the crude jade will be carried 
away by the current and can be gathered from the river, perhaps 100 or 
even 200 or 300 li from their original deposits. Since jade is formed by 
the shining essence of moonlight, local residents usually search for the 
stones along the rivers when the moon is bright in autumn. It will be 
brighter where there are stones containing jade. The rock crust is 
bound to be mixed with gravel on the bank, so that only by cutting 
could the value of the stones be known. 

The White Jade River flows southeastward while the Green Jade 
River flows northwestward. There is a place called Wangye in Ilibalik 
where jade is easily found in the nearby rivers. There is a local custom 
that women should search for jade naked in the water. The reason is 
that jade will be attracted by women "s Yin aura, and thus stop flowing 
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and will be found easily. This probably results from the ignorance of 
local people. (Jade is not considered valuable here. If not sold when they travel along 
the river for miles, people there will regard it useless and throw it away.) 

Jade has only two colors: white and green. Green jade is called 
“vegetable jade” in the Central Plains. The so-called red jade and yel¬ 
low jade are in effect unique stones. Lang Gan (jade-like stones) is as ex¬ 
pensive as jade but are not jade at all. The stones containing jade are 
found in the rushing water coming down from mountains. The jade 
within these stones is as soft as cotton. As soon as the jade is cut open, 
it becomes hard and even becomes harder after it is carried to the river 
mud and fanned by the wind. As a result, it is wrong to say that there 
is a kind of “soft jade” that can be polished and used. The outer layer 
of the jade within the rock is called “jade skin”. This is cheap and can 
be used to make ink-stones and supporting saucers. The one-cubic-cAi 
jade without any blemishes was used to make royal seals for monarchs 
in ancient times. This sort of jade is known as “the jade worth the val¬ 
ue of several cities”. The jade which is five or six cun in length and 
breadth is made into drinking sets. They are considered precious at 
that time. 

Besides, only in Suoli of Coromandel can we find the “unusual 
jades” which are white most of the time, reddish in the sun and bluish 
when it is rainy or cloudy. This can be called “the jade spirit” which 
can only be seen in royal courts. On Taiwei Mountain in Northwest Ko¬ 
rea there is a kind of rock crust which has an extremely long history. 
The white jade contained in it is the same as that produced in Con- 
gling. The jade from Congling is transported to Jia 3 aiguan Pass through 
Zhuanglangwei, and finally to Ganzhou and Suzhou in Gansu Province 
by the Turbaned Moslems. The jade dealers from the hinterland buy 
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jade in the markets and then transport them to the east. Finally they 
deliver the goods to Beijing. The jade carvers begin to polish the stones 
after deciding on the grades of jade and fixing their prices. (Though fine 
jade is collected in Beijing, the art of carving jade is the best in Suzhou. ) 

As the cutting begins, a round iron disc is made and mounted on 
a frame connected with pedals underneath and a basin of sand is 
placed beside it. The disc is turned by pedals, at the same time sand is 
sprinkled on it so as to cut through the jade. Finally the jade will be 
cut open as sand is gradually added into the basin. The sand for cut¬ 
ting jade is produced in Yutian of Shuntian Prefecture and Xingtai of 
Zhending Prefecture. This kind of sand is as fine as flour and flows out 
of springs, not rivers. It will never wear off by using this kind of sand. 
After the stone is cut open, the jade is produced into jade articles with 
ingenious crafts by an edge tool called a wrought iron knife. (Wrought iron 
is also produced fix)ni the rocks similar to whetstones found in Hami, Xinjiang. It is re- 
finable upon cutting). 

Jade fragments left from cuttings can be used to make inlays. 
Fragments that are over broken can be ground into powder. After being 
sifted, the powder can be blended with ashes to fill the cracks in lutes 
so that the instruments will have the timbre of jade articles. Venom of 
toads can be smeared onto the jade when it is too tiny for wimbles and 
broadswords. The way in which different things in nature are able to 
control each other is indeed mysterious. The difference between gen¬ 
uine jade and jade simulated fi-om inferior eigates is similar to the dif¬ 
ference between silver and tin. It is very easy to detect. Recently the 
craftiest method for making artificial jade has appeared: pound first- 
class porcelain into extremely fine powder and mix it with Radix am- 
pe lops is juice and form it into utensils which radiate with the color of 
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jade after they become dry. 

The methods of creating pearls and jades are opposite to that of 
gold and silver which are created with the help of pith of the sun and 
should be formed deep in the earth. Pearls and jade should not be cov¬ 
ered by any soil. Gem stones are produced in mines open to air, pearls 
in deep water, and jade in riversides along rapid rivers. All need only 
the covering of air and water. Pearls reside in spiral shells with mussel 
mothers in them and are protected by the dragon gods from human’s 
offence. Those pearls which are destined to be enjoyed in the human 
world are provided by mussel mothers. Places where jade is produced 
are also inaccessible unless the jade gods push them into the rivers. 
They could be picked by people. It is as magical as the pearl palaces. 

Agate, Crystal and Colored Glaze 

Agate is neither stone nor jade. There are a lot of places where a- 
gate is produced, and there are dozens of kinds of agate which are 
mostly used to make hair ornaments and fasteners or chessmen. The 
biggest agate can be used to make folding screens and table tops. The 
first-class agate is produced in the desert of Qiang ethnic area north of 
the Great Wall of Ningxia, but they can also be found everywhere in 
the backland so that pedlars do not have to go that far to sell them. 
Most of the agate sold in Beijing now is produced in Datong of Shanxi 
Province, Jiukong Mountain in Wei County of Henan Province and Si- 
jiao Mountain in Xuanhua of Hebei Province, and includes the “two- 
colored agate”, “black-white agate”, and “red-flower agate”. Further, 
“watery agate” and “red-white veined agate” are produced in Shenmu 
and Fugu of Shaanxi Province, and are sold in local places. The above 
is a brief summary of agate. To test whether the agate is genuine or 
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false, rub it against a piece of wood. If it is still cold, then it is gen¬ 
uine. Although it is easy to make artificial agate, few people attempt it 
because the price of genuine agate is not very high. 

The output of crystal is less than that of agate. At present most of 
the crystal used in South China is produced in Zhangpu, Fujian 
Province (a local hill called Tong Hill), while in North China most of it is 
produced in Huangjian Hill of Xuanhua, Hebei Province. In the 
Central Plains, Xinyang of Henan Province (the most beautiful are the black 
ones) and Panjia Hill in Xingguo of Hubei Province produce the most 
crystal. Black crystal is produced in North China, not South China. In 
the caves of other places there have been some crystals, but they have 
not been discovered and mined. Where they have been discovered, the 
exploitation has been prohibited by the government and the caves are 
closed down (For example, the production in Guangxin of Jiangxi Prefecture has been 
prevented for fear of exploitation by eunuchs from the palace), which is a frequent 
occurrence. Crystal is produced in the chutes and crevices in the rocks 
of caves in the remote mountains. Waterfalls wash the crystals day and 
night and rush them about half a li away from the mouth of the cave. 
The surface of the water still presents a boiling appearance, as 
though there were oil droplets in it. Crystal is soft before it leaves the 
mouth of caves and becomes hard by being exposed to the air. For 
convenience, carvers make crystal into crude blanks on the spot, and 
then take them back for further processing. This can save decuple 
labor. 

Lapis lazuli is similar to Chinese quartz crystal and champa 
quartz-crystal prism. Both of them are produced in Xinjiang and places 
west of that, not the inland of China. This kind of stone is multicolored. 
It is loved by the countrymen and is modeled on with various exquisite 
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crafts. Burned tiles covered with yellow or green quartz glaze are called 
glazed tiles or liu-li-wa. Glass bowls are made from the fusion of quartz 
and rams’ horns and are used to contain oil or used as lampshades. 
The fusion of rams’ horns, saltpeter, lead and quartz-crystal prism 
threaded by copper wires can be used to make glass lamps. The slices 
pressed with fusion of those materials can be used to make “lazurite 
vases”. (The nitres used here are refined and horse-tooth-shaped crystals placed on 
the surface.) These materials can be dyed with various pigment juices. All 
the producers of glass lamps and glass beads come from Huaibei and 
Shandong where saltpeter is produced. 

After being burned, saltpeter decomposes and disappears so that 
the original components do not exist any longer. Black lead, however, is 
a substance with big mass. Changes that saltpeter decomposes and lead 
exists through the integration with saltpeter have taken place to these 
two substances through the medium of fire. The fusion of these two ma¬ 
terials together with quartz and rams’ horns in the same pot becomes 
lucent glass. This is the reproduction of nature ’ s transformation mecha¬ 
nism in a simple process. 

With this, I finish my book of Tian Gong Kai Wu {Industrial and 
Farming Techniques in Seventeenth-century China). 
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Appendix A 

Equivalence of Chinese Weights and Measures in Metric Units 



chi (/^) in centimeters 
cl^n(T^ ) in centimeters 

dan (5) in liters 
dou (^) in liters 
jin (/r) in grams 
Hang (M) in grams 
mu (W) in hectare 

sheng (?F) in liters 
zhang (3t) in centimeters 


one chi is 31.10 centimeters 

one cun is one tenth of a chi, 

that is 3.11 centimeters 

one dan is 107.4 liters 

one dou is 10.74 liters 

one jin is 596.82 grams 

one Hang is 37.30 grams 

one mu is one fifteenth of a hectare, 

that is about 0.067 hectare 

one sheng is 1.074 liters 

one zhang is 311 centimeters 
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Note: Ten sheng make one dou and ten dou make one dan. 


Appendix B 

The Twenty-four Solar Terms in China 
Solar Term Approximate Solar Date 

the Beginning of Spring (1** solar term) Feb. 3, 4 or 5 

MtK Rain Water (2"* solar term) Feb. 18, 19 or 20 

the Waking of Insects (3"^ solar term) Mar. 5, 6 or 7 

the Spring Equinox (4* solar term) Mar. 20, 21 or 22 

Pure Brightness (5* solar terra) Apr. 4, 5 or 6 










Grain Rain (6* solar term) 

Apr. 19, 20 or 21 

the Beginning of Summer (7* solar term) May 5, 6 or 7 

Lesser Fullness of Grain (8* solar term) May 20, 21 or 22 

Grain in Beard (9*** soleu" term) 

Jun. 5, 6 or 7 

the Summer Solstice (10'*' solar term) 

Jun. 21 or 22 

Lesser Heat (11'*’ solar term) 

Jul. 6, 7 or 8 

Greater Heat (12'*' solar term) 

Jul. 22, 23 or 24 

the Beginning of Autumn (13'*’ solar term) Aug. 7, 8 or 9 

the End of Heat (14'*’ solar term) 

Aug. 22, 23 or 24 

White Dew (15* solar term) 

Sep. 7, 8 or 9 

the Autumn Equinox (16**' solar term) 

Sep. 22, 23 or 24 

Cold Dew (n*** solar term) 

• 

Oct. 8 or 9 

Frost’s Descent (18*** solar term) 

Oct. 23 or 24 

the Beginning of Winter (19'*’ solar term) Nov. 7 or 8 

Lesser Snow (20*** solar term) 

Nov. 22 or 23 

Greater Snow (21®* solar term) 

Dec. 6, 7 or 8 

the Winter Solstice (22"'* solar term) 

Dec. 21, 22 or 23 

Lesser Cold (23"* solar term) 

Jan. 5, 6 or 7 

Greater Cold (24'*’ solar term) 

Jan. 20 or 21 





Appendix C 

Chronological Table of the Chinese Dynasties 


M Xia Dynasty 

2100 B.C.—1600 B.C. 

Shang Dynasty 

1600 B.C.—1100 B.C. 

Zhou Dynasty 


Western Zhou Dynasty 

1100 B.C.—771 B.C. 

Eastern Zhou Dynasty 

770 B.C.—256 B.C. 

Spring and Autumn Period 

770 B.C.—476 B.C. 

Warring States Period 

475 B.C.—221 B.C. 

^ Qin Dynasty 

221 B.C.—206 B.C. 

'iX Han Dynasty 


Western Han 

206 B.C.—24 A.D. 

SsJX Eastern Han 

25 A.D.—220 A.D. 

HH Three Kingdoms 


Wk Wei 

220 A.D.—265 A.D. 

Shu Han 

221 A.D.—263A.D. 

^Wu 

222 A.D.—280 A.D. 

HW Western Jin Dynasty 

265 A.D.—316 A.D. 

Eastern Jin Dynasty 

317 A.D.—420 A.D. 

Northern and Southern Dynasty 

Southern Dynasty 

420 A.D.—589 A.D. 

^ Song 

420 A.D.—479 A.D. 

^ Qi 

479 A.D.—502 A.D. 

^ Liang 

502 A.D.—557 A.D. 

I5K Chen 

557 A.D.—589 A.D. 

Jb® Northern Dynasty 


JtSI Northern Wei 

386 A.D.—534 A.D. 

Eastern Wei 

534 A.D.—550 A.D. 


Northern Qi 

550 A.D.—577 A.D. 

■ 

> H 

g 5? 

Western Wei 

535 A.D.—556 A.D. 

9- o 

X‘ =3 
(Q 

Northern Zhou 

557 A.D.—581 A.D. 

7 ^ 

PS Sui Dynasty 

581 A.D.—618 A.D. 

C 

^ Tang Dynasty 

618 A.D.—907 A.D. 


Sft Five Dynasties 

JaM Later Liang 

907 A.D.—923 A.D. 


jo Later Tang 

923 A.D.~936 A.D. 


jo W Later Jin 

936 A.D.—946 A.D. 



Later Han 
In Later Zhou 


947 A.D —950A.D. 
951 A,D960 A.D. 


5|c Song Dynasty 

Northern Song Dynasty 
Southern Song Dynasty 
iL Liao Dynasty 
^ Jin Dynasty 
7U Yuan Dynasty 
Ming Dynasty 
Qing Dynasty 


960 A.D —1127 A.D. 
127 A.D.—1279 A.D. 
916 A.D.—1125 A.D. 
1115 A.D.—1234 A.D. 
1271 A.D.—1368 A.D. 
1368 A.D.—1644 A.D. 
1644 A.D.—1911 A.D. 
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Appendix D Ancient and Modem Places Table 
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Yangzhou: in East China’s Jiangsu Province 

Land of Chu: part of Hubei, Hunan, Anhui and Jiangxi Provinces 

Jingzhou: Jiangling in Hubei Province 

Guangxin Prefecture: Shangrao in Jiangxi Province 
Jiuhua Mountain: Qingyang County in Anhui Province 
SSttliS Huzhou Prefecture: Wuxing in Zhejiang Province 

llfiW Anyi, Yishi and linjin*. the locality of Yuncheng 

in Shanxi Province 

Haifeng : Salt Mountain County in Hebei Province 
Shenzhou : Shenxian County in Hebei Province 
^ tffTK Qingzhou and Yishui; Yidu and Yishui in Shandong 

Province 

Yazhou: Ya’an in Sichuan Province 

Gaozhou Prefecture : Maoming in Guangdong Province 
Taiping Prefecture: Dangtu County in Anhui Province 

Dingzhou of Zhending Prefecture: Ding County in Hebei 

Province 

Wuyuan County of the Huizhou Prefecture: Wuyuan 

in Jiangxi Province 

^ f 1 S Qimen county of the Huizhou Prefecture: Qimen in 

Anhui Province 

Huguang: Hubei, Guangdong and other Province 
KiW Xiangzhou: Xiangfan in Hubei Province 
fflim Tongzhou: Tongzhou District of Bejing 
Tianjinwei: Tianjin 
Yiling: Yichang in Hubei Province 
Xintan: Yougui of Hubei Province 



M Chaozhou : Chao’an in Guangdong Province 

% 

Ch£ing’an : Xi’an in Shaanxi Province 

Leizhou : Haikang in Guangdong Province 

Lianzhou : Hepu in Guangxi Zhuang Autonomous Region 

Huai’an and Yangzhou areas: in the northern part of Jiangsu 

Province 
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